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PAIRED-ASSOCIATE LEARNING AS A FUNCTION 
OF SIMILARITY: COMMON STIMULUS AND 
RESPONSE ITEMS WITHIN THE LIST 


rAKAO UMEMOTO! 


AND ERNESI 


R. 


HILGARD 


Stanford University 


Although in serial learning the same 
item serves as both stimulus and re- 
sponse, when a paired-associate list 
is arranged in comparable fashion 
(e.g., A-B, B-C, C-D, etc.), learning 
is more difficult than in simple serial 
learning (Primoff, 1938). It has been 
found, further, that familiarity with 
the items as a result of prior serial 
learning facilitates the learning of a 
specially constructed paired-associate 
list in which the same items appear 
as stimuli and as responses, but this 


facilitation is lost when the list is 
half-mastered (Young, 1959). The 
interferences that account for the 


difficulties within such paired-asso- 
ciate lists have been attributed by 
Primoff and by Young to backward 
association, an interpretation coherent 
with the findings of Murdock (1956) 
and Feldman and Underwood (1957). 

In the two experiments to be re- 
ported we manipulated the similarity 
between stimulus and response items 
in a manner to demonstrate circum- 
stances under which the phenomena 


1 Now at Kyoto University, Japan. The 
experiments were performed while a visiting 
scholar at Stanford University, 1959-60. 
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shown by Primoff and by Young are 
likely to be found, and some circum- 
stances under which they will not be 
found. Such manipulation has been 
done in somewhat different contexts 
by Underwood (1953a, 1953b, 1954) 
and by Morikawa (1959b). While 
there are several possible approaches 
to the manipulation of S-R similarity 
in paired-associate learning, we have 
chosen to take the approach in which 
similarity between S and R is con- 
trolled by the number of items in 
common between S and R. 


EXPERIMENT | 


In Exp. I, paired-associate lists were 
constructed with three degrees of S-R 
similarity : complete similarity, in which 
all S items appear as R items; half simi- 
larity, in which half the S items ar 
found as R items, the other S and R 
items all being different; complete dis- 
similarity, in which all S items and R 
items are unlike. 

What kind of effect can be expected 
in such a situation? Two contradictory 
outcomes appear plausible: 

1. The first hypothesis can be stated 
as follows: the more common items there 
are, the more competitive and conflicting 
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TABLE 1 
Lists UseD IN EXPERIMENT I 





List 1 | List 2 List 3 
BAF-JOC BUF-RAQ BEF-SUC 
DEX-SIV | CAG-MUZ | CIM-ROX 
JOC-WEY DOX-FID DAT-FEN 
LIG-HOK | Liy-jJow | JuP-HIB 
PUM-DEX WER-CAG | KIR-JAD 
HOK-BAF SOK-BUF | WOV-ZEK 
WEY-LIG QAL-DOX TOG-PIQ 
SIV-PUM | HAC-LUV 


MUZ-HEV | 





responses will occur, hence more trials 
will be required for mastery. When S 
tries to learn a pair A-B in a list, and 
there is another pair C-A which has a 
common item as its response, a backward 
association, that is the association A-C, 
will also be acquired. Hence when the 
stimulus item A appears, there might 
be a competition between A-B and A-C, 
thus increasing the difficulty of learning. 

2. The second possible hypothesis is: 
The ease of learning a list is inversely 
proportional to the number of different 
items in the list. Thus the list with more 
common items will have fewer different 
items to be acquired, and may lead to 
more rapid learning. 


The first experiment tests these hy- 
potheses, and should permit a choice 
between them. They are not mutually 
exclusive, but one effect should be 
stronger than the other, even if both 
effects are found. 


Method 


Lists—Three experimental lists and one 
practice list were used. Each experimental 
list consisted of eight pairs of nonsense 
syllables, having a Glaze (1928) association 
value of 73%. The three lists are given in 
Table 1. 

In List 1, each of the eight syllables is used 
both as Sand R. In List 2, half of the eight 
syllables used are in common to S and R, so 
that there are 12 different syllables in this 
list. In List 3, none of the eight syllables is 
repeated, so all 16 syllables are different. In 
these lists similarities within the S and R 
items were equalized as well as possible. Some 
repetition of vowels is inevitable but each 
consonant and vowel appears no more than 
twice in the stimulus or the response side of 


these lists. In pairing syllables also an at- 
tempt was made to avoid any apparent con- 
nection between them.? The practice lists 
consisted of three pairs of nonsense syllables, 
with association values of 100% in Glaze’s 
table. 

Conditions and Ss.—Three groups of eight 
Ss served in this experiment. All Ss were 
students in introductory psychology at Stan- 
ford University, and all were naive with 
respect to verbal leafning in the Laboratory. 

After general instructions to memorize, Ss 
were told: 


. . pairs of nonsense syllables will be 
presented in the window of the memory 
drum, such as JIN-TAK, etc. The presenta- 
tion time for each pair is 2 sec. Then the 
recall trial will begin in which the stimulus 
syllable on the left side is presented, such as 
jinx. You must recall the other item which 
was on the right side. . . . The order in 
which the syllables are presented varies 
from trial to trial. ... Please spell out 
loud the correct answer (only) in the recall 
trial, e.g., TAK. Since the time allowed for 
recall is only 2 sec. please answer as quickly 
as possible. If you cannot remember the 
syllable, you may guess or keep silent, just 
as you wish. The learning trials and recall 
trials will alternate until you are able to 
remember all the items. There are two 
kinds of lists. The first is for your practice 
and composed of only three pairs. The 
second list is the main list, which is com- 
posed of eight pairs. Do not be in too 
much of a hurry to succeed. University 
students usually need 40 or more trials to 
memorize a list of eight nonsense pairs. 


Lists were presented on a’ memory drum 
at a 2-sec. rate, with a 4-sec. intertrial interval. 
The learning trials and recall trials were 
alternated. The serial orders of the stimulus 
syllables were changed in each learning trial 
and in the recall trials in order to minimize 
serial learning. 

The S learned the practice list to one error- 
less trial, then learned the experimental list 


2 There is one unintentional peculiarity 
in the construction of List 2 that may be 
noted. While half the S items recur also as 
R items, in only one pair (CAG-MUz) are both 
members of a pair repeated in other parts of 
the list. This produces an unfortunate 
asymmetry in design. Because this relation 
is universal in List 1 (all items appearing 
both as S and as R) any contrast between 
results in Lists 1 and 2 cannot be attributed 
to the CAG-MUZ pair in List 2. 
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to one errorless trial, after which S was asked 
to make a backward recall. The response 
syllables typed on cards were presented to S; 
he was asked to write down each stimulus 
syllable previously attached to the response 
syllable. Ten seconds were allowed to recall 
each stimulus syllable in this test. The Ss 
were not informed beforehand about the later 
backward recall. 


Results 


The mean numbers of trials re- 
quired to memorize the three pairs 
in the practice list were 3.38, 3.50, 
and 4.13 for Groups 1, 2, and 3, 
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Fic. 1. Mean number of trials to succes- 


sive criteria (Exp. I). (List 1 has all items 
common to both S and R, List 2 has half of 
the items in common, List 3 has none in 
common.) 


respectively. The differences between 
the scores are not statistically signifi- 
cant (F = 0.46, df = 2/23). 

The mean numbers of trials to 
reach successive criteria on the three 
experimental lists are shown in Fig. 1. 
In terms of the number of trials 
required to reach 8/8 correct re- 
sponses, List 1 is most difficult and 
List 3 is easiest (F = 19.25, df = 2/23, 
P = .01). However, Fig. 1 also shows 
that in the early stage List 2 is rather 
more difficult than List 1. After the 
stage of 50% learning (4/8 criterion) 
the success with List 1 is delayed 
as shown by the rising curve. The 
learning process is somehow inter- 





TABLE 2 
MEAN CUMULATIVE ERRORS IN EARLY AND 
LATE STAGES OF LEARNING 
, » | Stage I | Stage I 
List } N | (0 50% Learning) (50-100°7 hansetesd 
1 x 27.75 141.25 
2/18 | 57.63 | 62.50 
, 1s 28.50 30.13 


rupted when the list is half learned, 
in agreement with Young (1959). 
This disruption is evident also when 
the average number of errors per list 
is similarly plotted. Table 2 shows 
the cumulative errors in the first 
half stage and later half stage. An 
analysis of variance based on this 
error score is shown in Table 3. The 
differences are significant not only 
with reference to List and Stage, 
but also in the interaction of these 
two variables. 

The individual data for List 1 show 
that learning develops smoothly at 
the first stage and Ss easily reach the 
criteria of 4 or 5 out of 8 items. 
Thereafter almost every S suddenly 
shows confusion. They need a num- 
ber of trials to acquire even one more 
correct response. This is also evident 
in the types of errors made (Table 4). 
The Ss who learned List 1 not only 
show an extraordinarily high propor- 
tion of overt errors (51% vs. 23% 


TABLE 3 


ANALYSIS OF VARIANCE OF ERRORS FOR 
STAGES OF LEARNING (Exp. 1) 





Source | df MS | F 
Between lists (L) 2 | 12,288.9 | 12.62* 
Between Ssin same | 

group 21 973.9 _- 
Total between Ss 23 | 
Between stages (S) 1 | 19,280.1 | 31.55* 
S 0k. 2 | 16,340.9 | 26.73* 
Pooled Ss XS 21 | 611.2 ‘ 
Total within Ss \24 
Total \47 


°P <A. 








100 


TABLE 4 


Errors CLASSIFIED BY TYPE 


Overt Error 


No Total 
List N Response Sever 
Backward Otl 
\ssociations — 
1 8 51.2 34.0 83.8 169.0 
2 8 3.6 20.8 95.7 120.1 
3 8 0.0 12.0 46.6 58.6 


and 20% for Lists 2 and 3) but also 
show a predominance of errors classi- 
fied as backward associations on the 
basis of possible mediation by com- 
mon items. The difficulty experienced 
by Ss learning List 1 in overcoming 
their trouble in the middle of the 
process was striking. To fill the 
most difficult gap (between the fourth 
and fifth, or fifth and sixth item 
recalled) took at least 15 trials for 
every one of these 8 Ss. Only one of 
the remaining Ss took that long. 
This effort to gain one item in recall 
required for List 1 Ss more than a 
third of their total trials to mastery. 

These deadlocks with List 1 almost 
always originated in perseverative 
repetition of wrong responses, which 
were mediated by common items in 
Sand R. If there were A-B and B-C 
pairs in a list, and if Ss learned A-B 
at first, it happened quite often that 
they responded B-A instead of B-C 
when B was later presented. Such 
a backward association mediated by 
common items in S and R is probably 
one of the interference sources in this 
situation, as proposed in our first 
hypothesis. 

The mean numbers of correct re- 
sponses in backward recall were for 
List 1, 5.38, for List 2, 5.75, and for 
List 3, 3.13. The prevalence of back- 
ward recalls in Lists 1 and 2 suffices 
to make our hypothesis plausible. 
The fact that there were about an 
equal number for the two lists is 
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immaterial, for the opportunity to 
interfere is twice as great for List 1 
as for List 2. The relatively lower 
number of backward recalls for List 3 
calls for a comment. The backward 
tend to develop with 
fully practiced responses, as proposed 
by Umemoto (1951) and Morikawa 
(1959a). Because there was much 
less overlearning of the items of List 
3 than of the items of List 1 and 2, 
the lower number of backward associa- 
tions within List 3 is understandable. 


associations 


The results thus give support to our 
first hypothesis. The relationship be- 
tween our results and the second hypoth- 
esis is more complex. It was proposed 
that the fewer different items there were 
the easier the learning might be. There 
is some slight support for this hypothesis 
in the early trials, in which List 1 is 
easier than List 2, but List 3 is never at a 
disadvantage, and the 
clearly contradicted later in learning. 
We shall return to an interpretation of 
these findings after reporting Exp. II. 


hypothesis is 


EXPERIMENT I] 


The results of Exp. I have been tenta- 
tively explained by the competition 
between right and wrong associations 
in Lists 1 and 2 which have 
been mediated by backward associations. 
However, mediated backward associa- 
tions need not always produce inhibition. 
If, for example, the mediated responses 
are the the correct response 
these mediated responses may facilitate 


seem to 


Same as 


TABLE 5 


Lists Usep IN EXPERIMENT II 


List 1 List 2 List 3 
YAV-perfect 
noonday-GID 
zot-clumsy 
empty-KEB 
GIp-midday 
faultless-YAV 
KEB-vacant 
awkward-zoT 


YAV-perfect 
noonday-GID 
ZOT-vacant 
empty-KEB 
GiIp-midday 
faultless-YAV 
KEB-clumsy 
awkward-zot 


YAV-perfect 
noonday-GID 
zoT-clumsy 
empty-KEB 
GID-vacant 
awkward-yAv 
KEB-midday 
faultless-zo1 
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learning instead of interfering with it. 
When the mediated responses are quite 
different from the correct ones, we would 
expect competition, asin Exp. 1. Experi- 
ment I controlled the possibie frequency 
of mediated responses by adjusting the 
number of common items between S and 
R, and all the mediated responses (if 
any occurred) were incorrect. In Exp. 
II the possible frequency of mediated 
responses remained the same for all 
three lists, but the relation of the medi- 
ated responses to the correct response 
differed; that is, the items of the three 
lists were all alike except that the lists 
were so constructed that some backward 
associations would facilitate, some inter- 
fere. Thus any differences in results 
are unlikely to be attributable to the 
number of mediated backward associa- 
tions, although they may be due to 
the arrangement whereby the mediated 
response is inhibitory or facilitating. 


Method 


Lists—Three experimental lists and one 
practice list were used. Each of the experi- 
mental lists consisted of eight pairs of items, 
in every case a nonsense syllable paired with 
an adjective. Four out of eight pairs in each 
list had nonsense syllables on the stimulus 
side and adjectives on the response side; the 
remainder were in the reverse order. The 
nonsense syllables were all of low association 
value (Glaze 13°). The adjective pairs 
were taken from the Melton and Safier table 
(Hilgard, 1951), all from the 10 pairs highest 
in similarity. The three lists are given in 
Table 5. 

As shown in Table 5, the three lists all 
have the same components, but differently 
paired. In List 1, each member of the four 
pairs of similar adjectives was connected 
to the same nonsense syllable, one member 
of the pair on the stimulus side, one on the 
response example: noonday-Gip, 
Gip-midday. In List 2 this arrangement 
holds only for two pairs of adjectives, while 
the other two similar adjective pairs are 
connected to unlike nonsense syllables. Thus 
“faultless’’ and ‘‘perfect,’’ “‘noonday”’ and 
“midday” have the same syllable for each 
member of the pairs, while ‘‘awkward”’ and 
“clumsy,” “‘vacant’’ and “empty” have dif- 
ferent syllables. Two dissimilar adjectives, 
however, are paired with a common syllable 


side, for 
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(empty-KEB, KEB-clumsy). In List 3 similar 
pairs were in no case connected with the same 
syllable. As before, different orders of presen- 
tation were arranged for each list In these 
arrangements an attempt was made to avoid 
presentation of the same item (whether syl- 
lable or adjective, stimulus or response) twice 
The practice list consisted of 
three pairs of nonsense syllables and meaning- 
ful nouns, transfer effects which 
might have been caused by using adjectives 
in the practice list. 

The conjecture being tested is that the 
mediated responses based on backward asso- 
ciation in List 1 will be facilitating, those in 
List 3 will be inhibiting, and those in List 2 
will fall between. Thus we would expect 
errors of recall in increasing order from List 1 
to List 3. 

Conditions and subjects.—Groups of 11, 12, 
and 13 Ss, comparable to those used in Exp. 
I, served in Groups 1, 2, and 3, respectively. 
Essentially the same instructions as in Exp. I 
were used. A substitute for the 
drum was improvised from a 
used in typing (Remington-Rand 
Time). All lists, including the practice one, 
were printed on a paper fastened to the copy 
holder. The copy holder was covered with a 
panel board having a narrow slit window 
(4 in. by 24 in.) through which the stimulus 
was presented. The exposures were made 
manually, the rate being controlled by a click 
from a 2-sec. interval timer. Exposure time 
was 2 sec., and 2 sec. elapsed between trials. 
The learning proper took place after the short 
practice session and was followed, as before, 
by backward recall from the response items 
typed on cards. 


in succession. 


avoiding 


memory 
he rhc ler 


LLine-a- 


copy 


Results 


The mean number of trials required 
to memorize the three pairs composing 
the practice list was 4.15, 4.50, and 
4.55 for Groups 1, 2, and 3, respec- 
tively. 
groups were not significant (F 
df = 2/35). 

The mean number of trials to reach 
successive criteria with the 
shown in Fig. 2. The mean number 
of trials to reach a criterion of one 
perfect trial is significantly different 
among lists (F = 5.07, df = 2/35, 
P = .05). In terms of ¢ ratios, there 
were significant differences between 


The differences between these 
0.29, 


lists is 
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SUCCESSIVE CRITERIA 
(1 TEMS MASTERED) 

Fic. 2. Mean number of trials to succes- 
sive criteria (Exp. II). (In List 1 both mem- 
bers of similar adjective pairs are associated 
with the same nonsense syllable, in List 2 
half the pairs have both members associated 
with the same nonsense syllable, in List 3 
no similar adjective pair has its members 
associated with the same syllable.) 


Lists 1 and 3 (¢ = 2.14, P = 05) 
and between Lists 2 and 3 (t = 2.30, 
P = .05), though the difference be- 


tween Lists 1 and 2 was not significant 
(¢ = 1.48). 

The mean numbers of errors in the 
first half and second half of learning 
are shown in Table 6. An analysis 
of variance similar to that shown in 
Table 3 revealed only Lists as a sig- 
nificant effect (F = 6.225, df = 2/33, 
P < 1). The order of increasing 
errors by list is from List 1 with fewest 
errors to List 3 with most errors, as 
predicted. 

The number of correctly reproduced 
responses in backward recall was 5.54 
for List 1, 5.25 for List 2, and 5.07 
for List 3. Thus there 
significant differences between the 
lists in backward recall. Even Ss 
who learned List 1, which would seem 
quite easy to recall backward, were 
confused in recall, and were not pro- 
tected from error by the similarities 
between the adjectives from the 
stimulus side and from the _ re- 
sponse side. All Ss, regardless of list 
learned, made more backward recall 


were no 
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errors from syllable to adjective 
(Means = 2.5, 2.6, and 2.1, respec- 
tively, for Lists 1, 2, and 3) than 
in the direction from adjective to 
syllable (Means = 0.0, 0.1, and 0.3, 
respectively). 

Thus our prediction that the lists 
would fall in the order of difficulty 
from List 1 to List 3, with List 1 the 
easiest, is borne out, and gives further 
support to the interpretation that 
the results are mediated by backward 
associations. 


DISCUSSION 


In Exp. 1 the more common items 
there were on the stimulus and response 
sides in paired-associate learning the 
more difficult it was to master a list. 
However, early in learning this was not 
so, and it was in fact easier to learn the 
first few items of a list having more 
common items in S and R. We inter- 
preted the interference as due to the 
formation of backward associations, and 
left unaccounted for the early advantage 
of the common-item lists. 

The early advantages of the common- 
item lists have been found before. 
Umemoto (1958), in a somewhat similar 
experiment using group learning, found 
that the list with all items in common 
(similar to our List 1 of Exp. I) was 
easy early in learning, while the list with 
half of the items similar (corresponding 
to our List 2) was more difficult early in 
learning. This correspondence between 
the two studies, one done in Japan and 
one in the United States, implies that the 
result is not accidental. Hence it is 


TABLE 6 


MEAN CUMULATIVE ERRORS IN EARLY AND 
LATE STAGES OF LEARNING 








List Stage I | Stage II* 

_— (0-50°% Learning) | (50-100°% Learning) 
1 |11| 25.09 28.73 

2 12 | 34.75 48.83 

3 13 68.85 63.31 





*Stage II vs. Stage I for pooled Ss, df = 1/33, 
F = §14/641 = 0.8, ns. 
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necessary to postulate some difference 
in process between what is going on in 
the early stages of learning and what is 
going on in the later stages. One possi- 
bility is that before the association 
between S and R has progressed there 
is a false appearance of association be- 
cause of the intrusion of some stimulus 
items into the responses. It has been 
suggested that in paired-associate learn- 
ing the first stage consists in the acquisi- 
tion of response items before associations 
between S and R develop (Morikawa, 
1959a; Umemoto, 1951; Underwood, 
Runquist, & Schulz, 1959). If that is 
the case, the ‘‘familiar’’ item is likely 
to be offered as a response, regardless 
of the presented stimulus. But the 
stimulus items are also ‘“‘familiar’’ through 
incidental learning, and not yet differen- 
tiated from response items. Hence some 
stimulus items will appear as responses. 
In this stage, if some of the stimulus 
items are the same as the response 
items, the independent acquisition of 
response items will be obscured by the 
intrusion of stimulus items, 
which, by chance, may get scored as 
“correct” acquisitions, although most 
of them are, in fact, interferences with 
learning. If there is no common item 
between S and R (as in List 3), evocation 
of the response items will not be subject 
to interference through the intrusion of 
an occasional stimulus item. This is a 
tentative hypothesis to explain the early 
advantage of List 1 over List 2, although 
they later cross and List 2 comes to have 
the advantage. Later in acquisition, 
the backward associations take over, and 
the intrusion of stimulus items becomes 
more generally interfering with the 
correct response. Thus, in retrospect, 
we have abandoned the second hypothe- 
sis of Exp. I in favor of the hypothesis 
that early in paired-associate learning 


some of 


some stimulus items intrude as response 
items not through backward association, 
but through failure of discrimination 
between stimulus and response items at 
this early stage. 

In Exp. II, the hypothesis of mediated 
backward association is tested in a situa- 
tion in which the backward association 
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may facilitate learning instead of in- 
hibiting it. This situation, however, 
implies two different factors, namely, the 
occasional facilitation and 
inhibition by backward mediating asso- 
ciations. In List 3, all the backward 
associations, mediated by similar or 
identical items, are inhibiting because 
responses evoked by mediation are in 
every case different from the correct 
response. List 1 is more complex, in 
that some intruding responses are iden- 
tical with the correct one while some 
others are only similar to the correct 
one. For the pairs which have adjectives 
in their stimulus side, such as noonday- 
GID in List 1, backward association will 
be clearly facilitating, because the re- 
sponse items mediated by similar adjec- 
tives from the response side (such as a 
backward association leading to midday- 
GID) are just the syl- 
lables as the correct ones. For the pairs 
which have nonsense syllables on their 
stimulus side in List 1, such as GIpD- 
midday, the problem is rather complex, 
because the response adjectives mediated 


occasional 


Same nonsense 


by identical nonsense syllables from the 
response such as the backward 
association GID-noonday, are only similar 
to the correct ones. Does a similarity 
two facilitate the 
learning of a pair having the same stimu- 
lus or is it inhibiting? According to the 
surface of Osgood (1949) the point of 
the present scheme is located slightly 
under the zero point, hence ought to be 
inhibiting. According to Underwood 
(1949), however, the result was rather 
facilitating. Ishihara and Kashu (1953) 
also found in the A-B, A-C paradigm, in 
which B and C are similar, neutral, and 
opposite, that there were some facilitat- 
ing effects when the responses are simi- 
lar. 
inference that a similarity between two 
resporses does not inhibit learning. 
Thus there is no inhibiting situation in 
List 1. Of course in List 3 of Exp. II, 
there are the conflicting arrangements 
of A-B, A-C (backward association), 
with no similarity between response 
items B and C for either nonsense syl- 
lables or adjectives, so there is no 


side, 


between responses 


From these results it is a reasonable 
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problem when we compare the relative 
difficulties of List 1 and List 3 in Exp. II. 


SUMMARY 


Two experiments were reported here. In 
Exp. 1, three lists, each consisting of eight 
pairs of nonsense syllables, were used. The 
number of common items between stimulus 
and response was 8 (all) for List 1, 4 (half) 
for List 2, and none for List 3. The more 
common items there were the more trials 
to mastery though in an early stage there 
was a tendency for learning a list having 
half common items to be more difficult than 
learning a list having all items of S and R in 
common. A hypothesis of backward mediated 
association was proposed. 

In Exp. II], the hypothesis is tested in a 
situation in which the backward association 
facilitates learning as well 
The materials used 


as inhibiting it. 
were three lists all of 
which had the same items on the stimulus 
and response sides, differing only in arrange- 
ment. These lists consisted of eight pairs, 
half of which had adjectives as stimuli and 
half of which had nonsense syllables as stimuli. 
List 1 was so arranged that all backward 
mediated responses would be the same or 
similar to For List 2 
half of the backward associations would be 
facilitating, while for List 3 all 


correct responses. 
backward 
associations were designed to be inhibiting. 
The results confirmed the hypothesis. The 
mediation through backward association thus 
accounts both for the inhibition in Exp. ] 
and the facilitation and inhibition in Exp. IT. 
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Determining the relative frequen- 
cies of a number of mutually exclusive 
events that occur in a_ temporal 
sequence might require different per- 
ceptual skills as a function of (a) the 
rate of occurrence of the events, 
(b) the number of mutually exclusive 
events, or (c) the use of aids, such 
as counters or paper and _ pencil. 
When an individual tally cannot be 
made after each occurrence because 
of conditions such as a fast rate of 
presentation or the lack of tallying 
aids, discrimination between the rela- 
tive frequencies is probably based 
on the sequencing of the different 
events with respect to 
and each other. For example, if a 
series of events is presented randomly, 
as the relative frequency of one event 
is increased the probability of that 
event following itself in sequence will 
increase. Thus, a means of determin- 
ing relative frequencies at fast rates 
of presentation might be comparison 
of the size and number of repetitions 
or clusters the different events. 
Some other factors which might have 
a bearing on the perception of relative 


themselves 


of 


frequency are the location of clusters 
(e.g., at the beginning or end of the 
series), the overall length of the series, 


and the rate of occurrence of the 
events. 
Hornseth and Grant (1954) found a 


typical psychophysical relationship between 
the perception of the frequent of 
two sequentially presented events and the 
percentage difference between the events. 
In this study, Ss were asked to make the 
judgment of relative frequency after attempt- 
ing to predict the sequential series of events 
one at atime. The events were presented at 


more 
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the rate of one every 3 sec., and Ss were not 
aware that they would be asked to make the 
overall relative frequency judgment until 
the entire series was completed. 

Neimark and Shuford (1959) investigated 
the effect of estimating the overall percentage 
of one of two randomly occurring letters on 
the prediction of which of these letters would 
occur next in sequence. Decks of 100 cards 
were used with a probability of .67 for one 
of the letters. It was found that prediction 
proportions on the last 30 cards of each deck 
approximated .67 for the groups which only 
predicted, and was significantly higher for 
the groups which predicted and estimated 

Erlick (1959), in a study designed to in- 
vestigate ability to estimate the percentage 
of occurrence of one of two random sequential 
events, used fast rates of presentation 
per sec.) of the two events and instructed Ss 
at the start of the series that they would be 
asked to identify the more frequent event 
and estimate its actual percentage of occur- 
rence. It was found that when the frequencies 
of the events differed, Ss, as a group, over- 
estimated the more frequent 
approximately 2%. 


(5 


event by 

The present series of studies was 
designed to determine how identifica- 
tion of the more frequent of two 
random sequential events influ- 
enced by: (a) the relative clustering 
of events and the location of clusters 
within (b) the length of 
series observed, and (c) the rate of 
occurrence of the events. 


1S 


a_ series, 


GENERAL METHOD 


A punched paper tape reader was used to 
present a preprogramed series of two mutually 
exclusive events a single-plane, in-line 
display unit. This unit utilized lenses etched 
with the symbols to be used. Lights behind 
each of the lenses projected the symbols onto 
approximately the same location of a 3 X 4 in. 
frosted plastic surface. The symbols, which 
were 33 in. high, were seen as an outline of 
light against a dark background. A motor 


on 
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driven cam supplied pulses to the tape reader 
which controlled the rate of presentation of 
the symbols; rate was varied by changing 
the cam. Symbols were presented one at a 
time and were on for approximately half of 
each cycle, allowing S to distinguish between 
repeated presentations of the same symbol. 
All of the programing equipment was housed 
in a separate room to reduce noise. 


EXPERIMENT |: SEQUENCE 
Method 


The letters ‘‘N”’ and “S” were used to 
indicate two mutually exclusive events. The 
frequencies of occurrence of the two events 
were always the same for any given trial. 
Two different trial lengths were used: a 
“short” series (F) consisting of 25 “Ns” and 
25 “‘Ss,”’ and a “‘long”’ series (L), which con- 
tained 50 **Ns”’ and 50 “'Ss.”” The sequence 
in which the “Ns” and “Ss’’ were presented 
to Ss was varied in one of five different ways: 
50% of the presentations of one of the symbols 
occurred within either the first 25%, the 
first 38%, 50%, 62%, or 75% of the complete 
sequence of “Ns” and “‘Ss.”’ The short and 
long series and the particular sequences of the 
events were designated as follows: F26', 
F38, F50, F62, F76', L25, L38, L50, L62, and 
L75; the number indicates at what percentage 
point of the total distribution of both events, 
50% of one of the events had been presented, 
and will be referred to as the median (Mdn.) 
location of that event. As an example, in 
the F38 condition, 13 “‘Ns” or 13 “Ss” 
occurred within the first 19 symbols displayed, 
while in the L62 condition, 25 of the same 
symbol occurred within the first 62 symbols 
displayed. Except for these constraints, the 
sequences of the two events were presented 
in a random order. This design has the 
effect of producing different relative degrees 
of repetition, or clustering of the events, and 
different locations of the clusters within the 
distribution. The sequences of events in the 
25% and 75% conditions are exact opposites 
of each other, and in terms of event sequences, 
both produced the highest difference in 
clustering of the two events; i.e., in the 25% 
condition, the first 25% of the occurrences 
are repetitions of the same event, while in the 
75% condition, the last 25% are repetitions 
of the same event. The 38% and 62% condi- 
tions are also exact opposites but there is less 
relative difference in clustering between the 








1 These frequencies cannot provide 25% 
and 75%. 


DWIGHT E. ERLICK 


two events than for the 25% or 75% condi- 
tions, while in the F50 and L50 conditions 
there is no relative difference in the clustering 
of the events. 

‘The sequential constraints were all counter- 
balanced with regard to the symbols “‘N” 
and “S.”’ A trial consisted of viewing one of 
the 10 different sequential orders at the rate 
of 4events per sec. This rate was well beyond 
the capacity of S to make individual tallies 
or counts of each symbol as it appeared. At 
the end of each trial, S was instructed to 
write the letter which appeared more often, 
and next to this letter, to put an estimate of 
the percentage of the time the letter appeared. 
The S was told to guess if he was not sure of 
the answer and to keep all previous answers 
covered with a card. Trials were grouped 
into sessions consisting of 100 trials, counter- 
balanced so that each of the 10 conditions 
preceded and followed every other condition, 
including itself, once. Thus, within one 
session, S made 10 observations on each of 
the 10 experimental conditions. All Ss were 
given two sessions, separated by at least one 
day. The E, who sat in the room with Ss, 
called out the number of each trial before 
it was presented and started the trial by 
pressing a button. The Ss were given three 
practice trials before each session, and an 
attempt was made to motivate them by 
giving a monetary bonus as a function of 
“the number of correct answers.”’ Thirty 
college students were paid to serve as Ss and 
were run in groups of 5 to 10. Each S was 
seated in an individual booth facing the dis- 
play so as to view the symbols binocularly 
from a distance of from 6 to 9 ft. 


Results 


The first session was used to ac- 
quaint Ss with the procedure. Theré- 
fore, the following analyses were 
based on the second session. Two 
performance measures were obtained 
from each S: the number of ‘“‘more 
frequent” responses to the letter 
whose median occurred at various 
specified locations in the distribution, 
and the percentage estimates of the 
relative frequency of occurrence of 
this event. To determine whether 
these two measures produced sig- 
nificantly different results, each of 
the measures obtained from each S 
was converted into a T score (McCall, 
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TABLE 1 


P VALUES FOR Patrs OF MEDIAN LOCATIONS 
BASED ON PERCENTAGE ESTIMATES OF 
“More FREQUENT” EVENT 


Mdn. Location 
Mdn. 
Location 
25 38 50 62 
75 47 ll 01 01 
62 05 19 40 
50 01 09 
38 .06 


1939, pp. 505-508). The 7 scores 
of the “more frequent’ responses of 
each S were then subtracted from the 
T scores of the percentage estimates. 
If the functional relationship of the 
two measures with regard to the 
experimental variables were the same, 
an analysis of variance based on these 
T-score differences would show no 
significant differences or interaction 
between Mdn. location and length 
of series. This hypothesis was con- 
firmed in that no significant differ- 
ences were found. Therefore, for the 
following analyses, only the actual 
percentage estimates were used, since 
this performance measure provided 
an interval value of Ss absolute 
estimate of relative frequency. 

Using Grant’s (1956) extension of 
Alexander’s (1946) trend analysis, 
an orthogonal polynomial analysis of 
the trends indicated a_ significant 
quadratic trend (F=10.24, df=1/58, 
P <.005) for the percentage estimates 
as a function of Mdn. location. The 
quartic component was also signifi- 
cant. There were no significant dif- 
ferences between F and L series, and 
no significant interaction between 
Mdn. location and the two series. 
Individual Wilcoxon tests comparing 
the five Mdn. locations with each 
other showed no significant differ- 
ences between those conditions having 
the same relative degree of cluster, 
i.e., the 25-75% and the 38-62% 
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Mdn. locations. However, significant 
differences were shown to be present 
between Mdn. locations having dif- 
ferent relative degrees of clustering 
of the two events (see Table 1). 
Figure 1 indicates that for a high 
relative difference in the degree of 
clustering of two events, the event 
having the higher degree of cluster 
or repetitiveness is estimated as hav- 
ing the higher relative frequency of 
occurrence. This degree of over- 
estimation of relative occurrence is 
the same when the clustering of the 
event is at the very beginning or the 
very end of the total distribution of 
both events. 


EXPERIMENT II: DURATION OF 
OBSERVATION 
Method 


times 
to 40 sec. were presented. 


Observation ranging from 2.25 
The observa- 
tion times, the frequencies of the more fre- 
quent event (Ey) and the less frequent event 
(EL), and the percentage of 
Emu — Ex 
Ex 
of observation time, T; — Ts, are shown in 
Table 2. The observation times vary slightly 
within each T condition, since Ey was kept 
relatively constant in an attempt to obtain 
the same AFs for each T condition. 


increment 


(AF = X 100) for the five ranges 
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TABLE 2 
OBSERVATION TIMES, FREQUENCIES OI 
EVENTS, AND PERCENTAGE INCRE- 
MENTS OF MORE FREQUENT 
EVENT 


Number of Events 


Observation ul Eu —Et x 100 
Time (Sec.) Ky 
Eu E1 

2.50 5 5 0 
r, 2-75 6 5 20 
' 225 4 25 
2.50 6 4 50 
5.00 10 10 0 
wm. 4.75 10 9 11.1 
I's 4.50 10 8 25.0 
4.25 10 7 42.9 
10.00 20 20 0 
im ae 20 18 a3. 
ls goo! 20 16 25.0 
8.50 20 14 42.9 
20.00 40 410 0 
+ 19.00 40 36 11.1 
Is 18.00 40 32 25.0 
17.00 40 28 42.9 
40.00 80 80 0 
T, 38.00 80 72 11.1 
® 36.00 80 64 25.0 
34.00 80 56 42.9 


The symbols ‘‘1’’ and ‘'2"’ were used to 
indicate the two mutually exclusive events. 
(These symbols differed from those in Exp. | 
and Exp. III because other experiments being 
carried on simultaneously with this equipment 
made it inconvenient to use the same sym- 
bols, and there was no reason to expect the 
choice of symbols to affect the functions 
investigated.) Each AF was counterbalanced 
in terms of these symbols and two different 
random were used for each AF. 
A trial required one judgment and consisted of 
observing a random series of the two events 
with one of the AFs. A session consisted of 
16 trials all within the same T (time) condi- 
tion, counterbalanced so that each of the 
four AFs preceded and followed every other 
AF, including itself, once. Thus, each S 
made four observations at each of the different 
AF conditions. An experimental period 
consisted of five sessions, each with one of 
the five different T conditions. The five 
conditions were presented to five groups of 
20 Ss each, according to a latin square 
design. In order to determine if a few ob- 
servations averaged over many Ss produced 


sequences 
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the same functional relationship as many 
observations made by one S, two Ss from 
the group experiment were also run inde- 
pendently of the foregoing and made 100 
observations at each of the experimental 
conditions according to a similar latin square 
design. The selection of these two Ss was 
based on their availability and their apparent 
high motivation, as reflected by attentiveness 
during the group testing period and their 
consistency of performance, i.e., a systematic 
increase in accuracy as AF increased. Be- 
cause there was no significant difference be- 
tween the number of more frequent responses 
and percentage estimates in Exp. I, it was 
possible to simplify data reduction by using 
only the more frequent responses in Exp. II 
and III. Similar instructions and the same 
rate of presentation of events were used as in 
Exp. I. 


Results 


The AF required for 75% correct 
identification of Ey furnished a meas- 
sure of the relative effect of the dif- 
ferent lengths of observation. This 
measure was obtained by linear inter- 
polation and for the group was ob- 
tained by averaging the responses 
of all Ss over each of the observation 
times. The AF = 0 condition gives 
a measure of symbol bias. There was 
no systematic interaction between 
symbol preference and duration of 
observation. It is apparent that the 
results of the two independent Ss and 
of the group were similar (see Table 
3 and Fig. 2); first there was a de- 
crease, and then an increase in ac- 
curacy of performance, as the dura- 
tion of observation was increased 
from 2.25 to 40 sec. The overall 
increase in performance is equivalent 
to a change in AF of approximately 
10 (e.g., a drop from 20 AF to 10 
AF for S:). An analysis of variance 
of the group data based only on 
correct responses at AF = 25 showed 
the main effects of duration to 
be significant (F = 5.44, df = 4/380, 
P < .001). The initial decrease in 
accuracy between T, and T, was also 
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found to be significant (P < .01), 
based on Tukey’s test for multiple 
comparisons (Ryan, 1959). 

The overall effect of length of ob- 
servation on the percentage of correct 
responses depends to some degree 
on the AF increment. At AF=11.1, 
there is no apparent effect for the 
grouped data, while at AF = 25.0, 
the group and the independent Ss 
show an initial decrease and then an 
increase in accuracy of responses; at 
AF = 42.9, one independent S still 
shows an initial decrease and then 
an increase in accuracy, while the 
other independent S and the group 
appear to have reached an asymptote 
in terms of correct identifications of 
the more frequent event. 


EXPERIMENT III: RATE OF 
PRESENTATION 
Method 


The conditions T. and T, (see Table 


3) 
2,4 


were presented at four different rates: 1, _ 


TABLE 3 


PERCENTAGE CORRECT JUDGMENTS AS A 
FUNCTION OF OBSERVATION TIME 


AF 
Durati a aa ‘ 

Os 11.1 25.0 42.9 
G 53.8 | 63.25) 83.8 | 84.1> 

i S1 58.0 | 72.4 88.0 | 90.1 
Se 63.0 | 70.2 87.0 | 90.6 

G 50.0 | 67.5 74.5 | 85.5 

I S; 45.0 | 61.0 | 90.0 | 93.0 
De 54.0 | 62.0 81.0 | 97.0 

G 47.2 | 65.2 | 79.0 | 84.2 

I S51 47.8 | 66.0 82.0 | 86.0 
Se 57.8 | 66.0 89.0 | 98.0 

G 48.8 | 66.3 83.2 | 82.8 

Tl, 1 42.0 | 69.0 88.0 | 91.0 
S2 58.0 | 80.0 | 88.0 | 95.0 

G 50.5 | 68.7 | 86.0 | 84.2 

Ts S: 56.0 | 78.0 | 94.0 | 93.0 
S2 58.5 | 87.0 | 94.0 | 98.0 

* Percentage of number “‘1"’ responses 

b At Ti the AF values for 11.1 and 42.9 are inter 


polated. 
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Fic. 2. Effect of duration of observation 


on AF at 75% correct identification. 
abscissa is scaled logarithmically.) 


(The 


and 8 events per sec. Within each of the two 
T conditions, four groups, ranging from 7 to 
11 Ss each, were presented the different rates 
according to a latin square design. The 
T. and T, conditions had totals of 35 and 37 
Ss, respectively. The letters “A’’ and “B” 
were used to designate the two mutually 
exclusive events. As in Exp. II, the symbols 
and the sessions were counterbalanced and Ss 
were required to indicate only the ‘more 
frequently” occurring symbol. Instructions 
similar to those in Exp. I and II were used. 


Results 


As in Exp. II, the AF required for 
the interpolated 75% correct identi- 
fication of Ey was used as a measure 
of performance. Results shown in 
Table 4 and Fig. 3 indicate an overall 
increase in the AF required for 75% 
accuracy as a function of increasing 
rate of presentation for both durations 
of observation T, and T,. An analysis 
of variance based on correct responses 
at AF = 11.1 showed the main effect 
of rate over both T. and Ty, to be 
significant (F = 15.35, df = 3/180, 
P < .001) and the interaction be- 
tween the T conditions and rate signifi- 
cant (F=5.73, df=3/180, P<.001). 
This indicates that the effects of rate 
are different for the short (T2) and 
long (T,4) series of events. At the 
slowest rate of 1 per sec., T2 requires 
a smaller AF than that of condition 


T, to obtain 75% accuracy; while 
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TABLE 4 
PERCENTAGE OF CORRECT JUDGMENTS AS A 
FUNCTION OF OBSERVATION TIME 
AND PRESENTATION RATE 








| | AF 
Rate | Observation 
(Sec.) | Time 
| Os | 11.1 25.0 42.9 
1 | Ts 47.9 | 87.9 | 89.3 | 94.3 
| Ts | 54.0 | 81.1 | 93.9 | 91.9 
2 T: | 43.6 | 77.9 | 83.6 | 95.0 
Ts | 56.1 | 77.0 | 86.5 | 87.8 
i" | TT. | 49.3 | 70.0 | 82.9 | 90.7 
T. | 46.0 | 73.0 | 87.2 | 88.5 
3 Tz | 56.4 | 52.4 | 88.6 | 92.1 
Ts | 71.6 | 70.3 | 85.8 | 87.8 





* Letter ‘‘A"’ responses. 


as the rate of presentation is increased, 
the AF required for T, to achieve 
the same accuracy as T, becomes 
increasingly greater. 

Here again, as in Exp. II, the results 
are influenced by the degree of AF 
increment. At AF = 11.1, there is a 
significant interaction between the 
length of observation and rate of 
presentation. However, as AF is 
increased to 25 and 42.9, this inter- 
action disappears, Ss apparently reach 
an approximately equivalent asymp- 
tote for both durations of observation. 

















30 
a 
A 20— 
ra 
we 
“ 
~ 
~— 
6 10 — 
eo 
4 
| | | l 
l 2 4 8 
EVENTS PER SECOND 
Fic. 3. Effect of rate of presentation on 
AF at 75% correct identification. (The 


abscissa is scaled logarithmically.) 
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DISCUSSION 

Sequence-—The results of Exp. I 
substantiate the hypothesis that the 
sequence in which a given series of two 
events is viewed influences the a pos- 
teriori judgment of the relative frequency 
of occurrence of the events. Thus, when 
the frequency of occurrence of two 
events is actually the same, the event 
having the higher degree of clustering 
is estimated as having a higher rela- 
tive frequency of occurrence. Also, the 
fact that there was not a significant 
difference between the lengths of the 
two different series indicates that the 
important variable appears to be the 
relative difference in the degree of repeti- 
tion of the two events, and not the 
absolute degree of repetition of an event. 
This effect appears to be the same 
whether the repetition of the event 
occurs at the very beginning or at the 
end of the distribution of both events. 
Whether these results would be extended 
to the condition where repetition of an 
event occurs elsewhere in the distribution 
requires further investigation. Because 
of the influence of highly repetitive se- 
quences of the same stimulus on the 
perception of the more frequent event 
found in Exp. I, more than one ran- 
domization was used for the same 
condition in Exp. II and ITI. 

Duration of observation—When an 
observer attempts to discriminate be- 
tween the relative frequencies of events 
that are presented too fast to be tallied 
separately, he probably utilizes clusters, 
i.e., reorganizes the input sequences into 
larger units or ‘chunks,”’ which are used 
as the basic unit for tallying (Miller, 
1956). Thus, the relative length and 
number of ‘chunks’ of the different 
events are probably what is being dif- 
ferentially weighted. This might ex- 
plain the nonmonotonic ft nction relating 
accuracy of perceiving the more frequent 
event to duration of observation. The 
very shortest duration approximates 
immediate recall, in terms of the number 
and size of “chunks.” Thus, the task 
becomes essentially one of discrimina- 
tion. However, as the duration of obser- 
vation increases, the task of recalling 
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previous details of the series becomes 
greater. At the same time, however, 
an increase in observation time gives S 
a larger sample upon which to base his 
judgment. It may be the interaction 
between the foregoing that causes the 
nonmonotonic relationship in Exp. II. 

The close similarity between the in- 
dividual S curves (based on 100 observa- 
tions at each point on the curve) and 
the group curve (based on observations 
by each of 100 different Ss) adds validity 
to the general funstional relationship 
obtained in this study. Because of this 
similarity and the relative ease of ob- 
taining group data, the study involving 
the effects of rate was conducted using 
only groups of Ss. 

Rate of presentation.—Increasing the 
rate of presentation probably has the 
effect of increasing the number of events 
that are grouped together in ‘‘chunks” 
as a tallying unit. Since S can make 
only a finite number of discriminations 
per unit time, if more information is 
forced into a specified time period, the 
information is probably broken down 
into larger ‘‘chunks” of the sequence 
with a consequent Therefore, 
given the same amount of information, 
as its rate of presentation is increased, 
the ability to assimilate the information 
will tend to decrease. The foregoing 
might explain the general decline in 
accuracy of perceiving the more frequent 
event as rate of presentation was in- 
creased from 1 to 8 events per sec. 

The higher accuracy for the shorter 
series at the slowest rate might be 
explained in terms of the interaction 
between memory and the _ increased 
time sample. Thus, at the rate of 1 
event per sec., individual events can 
probably be discriminated one at a 
time, and the premium for accuracy 
would tend to favor memory functions 
resulting in greater accuracy for a shorter 
series. On the other hand, at fast rates 
of 4 and 8 events per sec., where some 
information is lost because of the neces- 
sity for grouping the individual events, 
increasing the length of the series, with 
a consequent increase in time sample, 
appears to outweigh the advantage 


loss. 
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of memory that accrues to the shorter 
series. 

In general, it appears that approxi- 
mately a 10 to 20% increment (AF) of 
the more frequent event is required to 
maintain a 75% accurate identification 
of that event, when the observation time 
is greater than 5 sec. and the rate of 
presentation is not faster than 8 events 
per sec. 

The problem of perceiving the more 
frequent or modal event of a sequential 
series of two events has been shown to 
be a function of the sequence in which 
the events appear, the total number of 
events observed, and the rate at which 
the events are presented with 
interacting with observation time. 


rate 


SUMMARY 


The effects of sequence, duration of ob- 
servation, and rate of occurrence on the 
perception of the more frequently occurring 
event of a sequential series of two mutually 
exclusive events was investigated. It was 
found that: when both events are equally 
frequent, the event having the higher degree 
of clustering is estimated as having a higher 
relative frequency of occurrence; the rel- 
ative degree of cluster—not the absolute 
magnitude of the cluster—appears to influ- 
ence the perception of relative frequency; 
as duration of observation increases from 
very short time periods, the 75% threshold 
of identifying the more frequent event de- 
creases and then increases; as rate of presen- 
tation increases, this threshold decreases; 
rate interacts as a function of duration of 
observation, i.e., the shorter the duration, 
the steeper the decline in accuracy as a func- 
tion of increasing rate; and an increment 
(AF) of approximately 10 to 20% of the more 
frequent event (Ey) is required to maintain 
75% accurate identification of Ey with ob- 
servation times beyond 5 sec. and rates of 
presentation 8 per sec. or slower. The results 
are explained in terms of the discrimination 
of varying size clusters of events or “chunks” 
of the sequence of events. 
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MEDIATING VERBAL RESPONSES AND STIMULUS 
SIMILARITY AS FACTORS IN CONCEPTUAL 
NAMING BY SCHOOL AGE CHILDREN ! 


HARVEY M. LACEY? 


University of Massachusetts 


It has been shown in a number of 
recent studies ., Baum, 1951; 
Cary & Goss, 1957; Fenn & Goss, 
1957; Goss & Moylan, 1958; Lacey 
& Goss, 1959) that prior learning of 
potential verbal mediating responses 
facilitates subsequent conceptual be- 
havior. 


(e 


In this experiment acquisi- 
tion of conceptual naming responses 
function of 
patterns of relationships among initi- 
ating stimuli, verbal mediating re- 
sponses and stimuli, and verbal termi- 
nating responses (conceptual naming), 
and of similarity among the initiating 
stimuli. Four patterns of possible 
relationships were included; and the 
design provided for determination 
of their separate effects as well as for 
comparisons of those effects. 

Figure 1 shows the four patterns 
of relationships among initiating stim- 
uli, mediating responses and stimuli, 
and terminating responses. Pattern 
AA has been labeled acquired equiva- 
lence of cues (Dollard & Miller, 1950; 
Goss, 1955). 
tion of a common verbal response to 
two or initiating stimuli 
followed by acquisition of a common 


was investigated as a 


In this pattern, acquisi- 
is 


more 


terminating response. 


'This study is based on a dissertation 
presented in partial fulfillment of the require- 
ments for the PhD at the University of 
Massachusetts. The writer would like to 
express his appreciation to Albert E. Goss 
for his critical suggestions and helpful 


guidance, and to the other members of his 
committee, Solis Kates, Claude C. Neet, 
and Raymond Wyman, for their counsel. 

2 Now at the Pittsburgh Child Guidance 
Center, Pittsburgh, Pennsylvania. 
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Acquired distinctiveness of cues is 
the label commonly applied to Pattern 
BB (Dollard & Miller, 1950; Goss, 
1955). Dissimilar verbal mediating 
responses are learned to each of two 


or more initiating stimuli. Subse- 
quently, discriminative terminating 
responses are conditioned to the 


initiating stimuli to which the dis- 
criminative mediating responses had 
been learned. 

Although the existence of Patterns 
AB and BA has been suggested pre- 
viously (Goss, 1955), neither pattern 
has been included in prior investiga- 
tions. In Pattetn AB a common 
mediating response is learned to two 
or more initiating stimuli, after which 
different terminating responses are 
learned to those stimuli. In Pattern 
BA, different mediating responses are 


Ind tiating Me g Resp Terminating 
Stim sul Responses 
aA ~® 7 
1 . a 
- 
apa a 
-_ 
———~ om 
>Re _ — 
<a 
ae 
BA "S56 
® 
Fic. 1. Four patterns of relationships 


among initiating stimuli, common or dis- 
criminative mediating responses and stimuli, 
and common or discriminative terminating 
responses. 
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conditioned to initiating stimuli, and 
a common terminating response is 


then conditioned to the initiating 
stimuli. 

METHOD 
Design 


Control conditions.—The control for warm- 
up and learning-performance sets was by 
means of a condition in which common or 
discriminative responses were first condi- 
tioned to sets of initiating stimuli which did 
not resemble the stimuli of the transfer phase. 
However, features of the training and transfer 
phases other than the sets of initiating stimuli 
employed were the same. Therefore, those 
experiences involved in warm-up and learn- 
ing-performance sets were expected to gen- 
eralize from the training phase to the transfer 
phase as was facilitation based on receptor- 
orienting responses. 

Combinations of conditions —Under the 
experimental condition each of the AA, BB, 
AB, and BA patterns of relationships among 
initiating stimuli, mediating responses and 
stimuli, and terminating responses was com- 
bined both with the more similar and with 
the less similar initiating stimuli. Cor- 
responding to each of these eight combinations 
was a control for the combined effects of 
nonspecific transfer and receptor-orienting 
responses. Thus, there were 16 combinations 
of conditions (Fig. 2). Pattern AA was com- 
bined with Pattern BB as was Pattern AB 
with Pattern BA so that all Ss learned three 
responses to the initiating stimuli of the 
training phase and three responses to the 
initiating stimuli of the transfer phase. 


Stimuli and Responses 


The stimuli were four sets of eight line 
drawings of stylized faces or houses printed 
on blue, green, yellow, and pink pastel paper. 
Thus, there were 128 stimuli in all. The 16 
faces were all of the same sizes, as were the 
16 houses. 

The faces of one set differed from each 
other with respect to degree of curvature of 
the hair, eyes, and mouth. These faces were 
relatively less similar to each other than those 
of the other set which differed from each other 
only with respect to degree of curvature of the 
eyes. The less similar houses differed from 
each other with respect to direction of smoke 
from the chimney and in number of scalloped 
bottoms of the shades in the two windows 
and of the shade in the window of the door. 
The more similar set of houses differed only 
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with respect to number of the scalloped 
bottoms of the shades in the two windows. 

The six nonsense syllables used were 
selected from among those of Mandler’s 
(1955) list which have high associative 
frequencies. 


Apparatus 


The apparatus consisted of a vertical 
panel in which a window (5 in. X 3 in.) had 
been cut. Behind the window, guides cor- 
rectly positioned the 3 X 6 in. plastic cards 
on which the stimuli appeared. When a card 
was dropped between the guides, the bottom 
of the card tripped a microswitch which 
activated a time-delay relay set for 3 sec. 
At the end of the anticipation interval a 
bulb on the front of the apparatus lighted. 


Subjects 


The Ss were 96 children who were drawn 
from among those between the ages of 8 and 
11 yr. in Grades 2 through 6.3 The groups 
were equated for sex and as nearly as possible 
for means and ranges of ages and for IQs. 
All children with IQs of less than 90 or more 
than 125 were excluded. 


Procedure 


The same sequence of training and transfer 
experiences was administered to each of the 
eight groups. During the training phase, Ss 
were familiarized with the mediating responses 
before those responses were conditioned to 
the initiating stimuli of Patterns AA and BB 
or of Patterns AB and BA. The Ss were then 
familiarized with the terminating responses 
of the transfer task after which those responses 
were associated with the initiating stimuli. 

In order to counterbalance for any differ- 
ences due to experience with face stimuli vs. 
house stimuli, half of the Ss under the experi- 
mental condition had faces for both transfer 
and training phases; the other half of each 
group had houses for both training and trans- 
fer phases. Under the control condition, 
half of the Ss had faces for the training phase 
and houses for the transfer phase; the other 
half of each group had houses for the training 
phase and faces for the transfer phase. 

Familiarization with mediating res ponses.— 
Familiarization training began by E telling 
each S that he was to say some short syllables 


3 The cooperation and kind permission of 
the Erving School Union, William Trainor, 
Superintendent of Schools, is gratefully 
acknowledged. 
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Fic. 2. Relationships among initiating stimuli, mediating responses and stimuli, and 
terminating responses for assignment to Patterns AA and BB or to Patterns AB and BA 
with dissimilar initiating stimuli. (The relationships with similar stimuli are the same. 
Under the experimental condition, the initiating stimuli of both the training phase were 
identical. Under the control condition, the face or house initiating stimuli of the training 
phase are replaced by house or face stimuli, respectively, for the training phase.) 





in the same way that E said the syllables. 
The S was also told to try to memorize them. 
Each of the three syllables was then pre- 
sented three times, once within three succes- 


sive three-trial blocks. At the end of nine 
trials E asked S to name the syllables. Those 
who were unable to remember them were 
given six additional trials, two with each 
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TABLE 1 
MEANS AND STANDARD DEVIATIONS OF TRIALS 
TO THE First CRITERION OF THI 
RAINING PHASI 
Face Houses 
Pattern) Similarity | Cond 
Mean | SD | Mean! SD 
Exp 15.8 8.9 21.8 6.3 
Similar © 
Cont 18.8 5.9 19.0 8.0 
AA 
Exp 22.8 |12.4] 18.7 5.6 
Dissimilar) Cont 0.0 | 7.9| 22.7 9.8 
Exp 19.0 3.8) 21.3 8.0 
Similar Cont.| 19.8 | 9.0} 20.2 | 8.0 
AB 
- Exp 16.8 3.5 3 6.9 
Dissimilar| Cont. | 16.8 | 9.1| 13.3 | 5.0 
Exp. 24.2 7 27.3 12.2 
x 
Similar Sane 7 7 81 32 3 <6 
BB " 
Exp 32.3 | 11.5] 28.5 5.8 
Jiss Z ' » pa 
Dissimilar| Cont. | 19.8 | 7.2| 28.7 | 11.1 
: Ex 25.8 7.1 31.0 5.1 
Similar Cont 9.8 7.5 4.0 | 10.2 
BA 
Dicsinniins Exp. 25.2 4.5 28.7 | 11.4 
nat) Cont 27.2 5.6| 25.3 | 6 
Note.—N = 6 for all cells. 
syllable. No S was discarded for failure to 


remember the syllables correctly after these 
additional trials. 

Training.—The mediating responses of 
each pattern were acquired by the paired- 
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Each trial consisted of 
the presentation of one of the stimuli for 3 
sec., after which the bulb lighted and E said 
the syllable which S was to associate to it 
In order to equalize the strengths of responses 
to the different stimuli, the method of ad- 
When 
rect anticipations for particular stimuli had 
occurred on three successive trials, they wer« 
removed. After all three responses reached 
this criterion, the stimuli were reintroduced 
and presented until the correct response for 


associate technique. 


justed learning was employed cor- 


each stimulus occurred one more time. 
Familiarization with terminating responses. 
The instructions and procedures for famil- 
iarization with the responses 
were identical to those for familiarization with 
mediating responses 


terminating 


Again, no S was elimi- 


nated for failure to learn these responses 
Transfer.—All Ss were given 32 trials to 
learn common or different terminating re- 


sponses to the initiating stimuli by the paired- 
associate technique. Each of the eight faces 
or eight houses of each set of stimuli appeared 
randomly once within each successive block 


of eight trials. 
RESULTS 
Training 


Table 1 presents means and SDs of 


numbers of trials to reach three 


TABLE 2 


MEANS AND SDs OF NUMBERS OF CORRECT COMMON AND DISCRIMINATIVI 


TERMINATING RESPONSES DURING THE 32 TRIALS OF TRANSFER PHASI 
Faces Houses Fac es xX H UL SE 
\ 6 ea. \ 6 ea \ 12 ea 
Pattern Similarity Cond 
Mean SD Mean SD Mean SD 
Simil Exp. 13.5 £ 12.3 1.1 12.9 1.1 
AA a Cont. 8.5 2.0 10.5 1.3 9.5 1.9 
a Dhesiantt Exp. 12.7 an 11.0 2.6 11.8 2.4 
—_— Cont. 8.8 2.3 8.2 1.6 8.5 2.0 
Simil Exp. 11.0 1.9 9.7 2.1 10.3 2.1 
BB nepecmeaal Cont 5.7 1.0 6.3 1.0 6.0 1.0 
Dissimilar Exp. 12.3 1.8 11.3 ¥ 11.8 1.6 
— Cont. 10.0 2 9.0 2.1 9.5 1.8 
Si mil Exp. 5.7 1.2 5.8 2.0 5.8 1.7 
AB caged Cont. | 80 | 2.3 70 | 1.2 7.5 1.9 
. Dissimil Exp. 8.0 1.0 7.8 2.0 7.9 1.6 
—— Cont. 9.0 2.0 8.2 2.0 8.6 2.0 
Simil: Exp. 7.7 8 8.3 8 8.0 8 
BA — Cont. 8.0 2.6 9.3 1.4 8.7 2.2 
: Dissimilar Exp. 6.0 1.9 6.2 A 6.1 1.4 
gece: Cont. 9.2 1.9 8.5 1.6 8.8 1.8 
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successive correct anticipations of the 
common mediating response for Pat- 
terns AA and AB. Also shown are 
the comparable means and SDs of 
numbers of trials to learn each of the 
discriminative mediating responses of 
Patterns BB and BA to three succes- 
sive correct anticipations. Since the 


task was not mastered until both 
responses had reached criterion, these 
means are based on sums of trials 
to criterion for both discrimina- 


tive responses. An analysis of vari- 


ance among these means showed 
that the common mediating response 
was learned significantly faster than 
discriminative mediating responses. 
The second criterion of one further 
correct anticipation of the common 
mediating response and of each dis- 
criminative mediating response was 
achieved by most Ss on the first trial 
on which the stimuli for each of these 
responses were reintroduced. Since, 
at most, three further trials, including 
the criterion trial, were required, 
these were not analyzed further. 


Transfer 


The performance measure of the 
transfer phase was number of correct 
responses during the 16 trials in which 
the common terminating responses of 
Patterns AA and BA were correct, 
and number of correct responses dur- 
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TABLE 3 


ANALYSIS OF VARIANCE OF CorrEcT RE- 
SPONSES DURING THE 32 TRIALS OF 
TRANSFER PHASE 


Source dj Ms F 

Between Ss* 95 
Faces-Houses (B) 1 3.79 1.03 
Similar-Dissimilar (C) 1 14.63 3.99* 
\ABB-ABBA (D) 1 | 273.13 | 74.42** 
Experimental-Control (E) 1 43.13 | 11.75** 
Error (b) 80 3.67 

Between Ss! 47 
Faces-Houses (B’) i 6.51 2.05 
Similar-Dissimilar (C’) 1 12.76) 4.01 
Experimental-Control (E’) 1 270.01 | 84.91** 
B’E’ 1 14.26 4.48* 
Error (b) 40 3.18 | 

Within Ss 48 
\A-BB (A’) 1 38.76 | 10.50** 

sy 1 75.26 | 20.56** 
Error (w) 40 3.66 
ota 95 

Between Ss* 47 
Faces-Houses (B’’) 1 04 o1 
Similar-Dissimilar (C’’) 1 3.38 82 
Experimental-Control (E”’) 1 51.04 | 12.24** 
Error (b) 40 4.17 

Within Ss 48 
AB-BA (A) 1 5.04 1.68 
a... 1 37.50 | 12.50** 
A"C”"E” 1 15.04 5.01* 
Error (w) 40 3.00 

Note.—The omitted interactions were all non 


significant. 
® For all Ss. 
» For Ss assigned to Patterns AA and BB. 
¢ For Ss assigned to Patterns AB and BA, 
* Significant at the .05 level. 
** Significant at the .01 level. 


ing the 16 trials in which one or the 
other of the discriminative terminat- 
ing responses of Patterns BB and AB 
was correct. Means and SDs of 
numbers of these responses are shown 
in Table 2. 


TABLE 4 


ANALYSES OF VARIANCE OF CORRECT RESPONSES DURING TRANSFER PHASE FOR 
PaTTrerNs AA, BB, AB, AND BA SEPARATELY 


Pattern AA 


Pattern BB 


Pattern AB Pattern BA 


Source if 
MS I Us F WS F Us F 
Experimental- | | 
Control (A) 1 | 136.69 | 33.60**| 133.34 | 25.16**| 16.52 | 4.63* | 35.02 | 10.74** 
Similar- } 
Dissimilar (B) 1 13.02 | 3.21 | 75.00 | 14.15**| 30.69 | 8.60** | 9.19 | 2.82 
AXB ri” 02 12.00} 2.26 | 4.52 | 1.27 | 13.02 | 3.99 
Error 44 4.06 | 5.30 | | 3.57 | 3.26 | 
| | ! 


* Significant at the .05 level. 
** Significant at the .01 level 
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Because Patterns AA and BB were ad- 
ministered to half of the Ss, and Patterns AB 
and BA were administered to the other half, 
the analysis of variance to determine the 
significance effects of the five factors was 
somewhat unusual. The “between Ss’’ 
sources of variance, in which all Ss were 
involved, were: (a) faces or houses, (b) more 
similar or less similar stimuli, (c) experi- 
mental or control conditions, and (d) assign- 
ment to Patterns AA and BB or to Patterns 
AB and BA. 

For Ss assigned to Patterns AA and BB, 
the “‘within Ss’’ sources of variance were 
Pattern AA or Pattern BB and the interac- 
tions of this factor with faces or houses, more 
similar or less similar stimuli, and experi- 
mental or control conditions. Each of the 
latter three factors and their interactions 
with each other were “between Ss’’ sources, 
but now for only half of the Ss. The same 
was true for Ss assigned to Patterns AB 
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correct responses were made under 
the experimental condition than under 
the control condition. While more 
correct responses were made with 
similar initiating stimuli than with 
dissimilar initiating stimuli the F for 
this difference was not significant. 

For Pattern BB, there were sig- 
nificantly more correct discriminative 
terminating responses under the ex- 
perimental condition (Mean=11.08) 
than under the control condition 
(Mean = 7.75), and with less similar 
initiating stimuli (Mean = 10.67) than 
with more similar initiating stimuli 
(Mean = 8.17). 

For Pattern AB, significantly more 
correct discriminative terminating re- 


and BA. sponses occurred under the con- 
trol condition (Mean = 8.04) than 
Patterns AA, BB, AB, and BA under the experimental condition 


separately.—Nonsignificant Fs indi- 
cated that the sets of face and house 
stimuli were essentially equivalent 
(Table 3). Accordingly, this factor 
was not included in analyses of vari- 


(Mean = 6.88), and with less similar 
stimuli (Mean = 8.25) than with more 
similar stimuli (Mean = 6.62). 

For Pattern BA, the mean of 8.75 
for the control condition 


was sig- 
. ve ), : e . 
ance for Patterns AA, BB, AB, and jjficantly greater than the mean of 
BA separately, for each of which the 7.04 for the experimental condi- 
sources of variation were more similar tion. While more correct responses 


or less similar stimuli, experimental or 
control conditions and the interaction 
of these two variables. 

For Pattern AA, significantly more 


occurred with more similar stimuli 
(Mean = 8.34) than with less similar 
stimuli (Mean = 7.46), the difference 
was not significant. 


TABLE 5 


ANALYSES OF VARIANCE OF CORRECT RESPONSES DURING TRANSFER PHASE FOR 


PATTERNS AA AND BA AND FOR PATTERNS BB anp AB 

















Patterns AA and BA Patterns BB and AB 
af 

MS F MS F 
Experimental-Control (A) | 1 16.66 4.55* 27.09 6.10* 
Similar-Dissimilar (B) i a 22.04 6.02* 102.09 22.99** 
Patterns AA and BA (C) or 

Patterns BB and AB (C’) 1 187.04 51.10** 94.01 21.17% 

AXB 1 7.05 1.93 1.27 .29 
AXCorA xX C’ 1 155.05 42.36** 123.77 27.88** 
B X CorB X 1 17 05 4.60 1.04 
AXEXCorAXBxXxC’ 1 5.99 1.64 14.24 3.21 
Error 88 3.66 4.44 

















* Significant at the .05 level. 
** Significant at the .01 level. 
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Pattern AA and Pattern BA.—In 
the analysis of variance for Pattern 
AA and Pattern BA (Table 5), sig- 
nificantly more correct responses oc- 
curred under the experimental condi- 
tion (Mean = 9.71) than the control 
condition (Mean = 8.88), with more 
similar (Mean = 9.78) than with less 
similar stimuli (Mean = 8.81), and 
for Pattern AA (Mean = 10.69) than 
for Pattern BA (Mean 7.90). 

Pattern BB and Pattern AB.—¥or 
Patterns BB and AB (Table 5), signifi- 
cantly more correct responses occurred 
under the experimental condition 
(Mean = 8.98) than under the control 
condition (Mean = 7.92), with less 
similar stimuli (Mean = 9.46) than with 
more similar stimuli (Mean = 7.40), 
and for Pattern BB (Mean = 9.42) 
than for Pattern AB (Mean = 7.46). 


DISCUSSION 


In agreement with Lacey and Goss’ 
(1959) finding of an inverse relationship 
between acquisition rate and number of 
responses, the common mediating re- 
sponse of the training phase was acquired 
more rapidly than discriminative mediat- 
ing responses. Of greater consequence 
was the finding that the parallel sets of 
more similar faces and of more similar 
houses did not differ in difficulty; this 
was also true for the parallel sets of less 
similar faces and of less similar houses. 

Patterns AA, BB, AB, and BA sepa- 
rately —For Pattern AA, in which acqui- 
sition of a common mediating response 
was followed by acquisition of a common 
terminating response, analyses of the 
roles of cue-producing responses in learn- 
ing (Goss, 1955; Lacey & Goss, 1959) 
lead to predictions of more correct 
responses under experimental than under 
control conditions and with more similar 
than with less similar stimuli. Both 
of the obtained differences were in the 
predicted direction, but only the former 
was significant. Since the interaction of 
these two variables was not significant, 
the effects of a common mediating stimu- 
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lus on acquisition of a common ter- 
minating response were apparantly no 
different with less similar than with more 
similar stimuli. However, other factors 
may have precluded a significant inter- 
action. For example, the mediating 
stimuli may have been such large pro- 
portions of compounds of initiating and 
mediating stimuli that even relatively 
large differences in the similarity of initi- 
ating stimuli could produce only rela- 
tively small differences in similarity of 
compounds. Or, the differences in rela- 
tive similarity of the more similar to the 
less similar stimuli may not have been 
sufficient to produce a significant inter- 
action. These same factors might also 
account for the nonsignificant interac- 
tions of experimental or control condi- 
tions with more similar or less similar 
stimuli for Patterns BB, AA, and BA 
separately. 

For Pattern BB, discriminative medi- 
ating responses were acquired to either 
more similar or less similar stimuli; sub- 
sequently discriminative terminating re- 
sponses were acquired. Predictions of 
more correct discriminative terminating 
responses under the experimental condi- 
tion than under the control condition 
and with less similar than with more 
similar stimuli were both confirmed. 

For Pattern AB, a common mediating 
response was conditioned to the initiat- 
ing stimuli and then discriminative 
terminating responses were conditioned 
to the same stimuli. In agreement with 
predictions, more correct terminating 
responses occurred under the control 
than under the experimental condition 
and with less similar than with more 
similar stimuli. 

Acquisition of the different mediating 
responses of Pattern BA was followed 
by acquisition of a common terminating 
response. As expected, more rapid 
learning was obtained under the control 
than under the experimental condition 
and with more similar than with less 
similar stimuli. However, the latter 
difference was nonsignificant. 

Three further features of these findings 
are of interest. First, whatever the 
reason, the presumed presence of mediat- 
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ing stimuli under the experimental condi- 
tion did not produce significant inter- 
actions with similarity of initiating stim- 
uli. Second, all four patterns of rela- 
tionships among initiating stimuli, medi- 
ating responses and stimuli, and ter- 
minating responses influenced concep- 
tual behaviors. In any concept-forma- 
tion situation in which two or more of 
these patterns are present, therefore, 
resultant performance probably reflects 
their joint influence. Third, the presence 
of verbal mediating responses per se does 
not assure facilitation of learning and 
performance of subsequent conceptual 
naming: whether facilitation or inhibi- 
tion occurs is contingent on the patterns 
or combinations of patterns. Such facili- 
tation or inhibition would be added to or 
subtracted from expected facilitative 
effects of warm-up and _learning-per- 
formance set and of receptor-orienting 
responses. 

Pattern AA with Pattern BB; Pattern 
AB with Pattern BA.—As predicted on 
the basis of previous findings (Lacey & 
Goss, 1959) of an inverse relationship 
between acquisition rate and the number 
of responses, the common terminating 
response of Pattern AA was mastered 
more rapidly than the discriminative 
terminating responses of Pattern BB. 
Since a greater number of correct re- 
sponses occurred with the more similar 
than with the less similar initiating 
stimuli for Pattern AA, and the converse 
for Pattern BB, the expected interaction 
of Pattern AA or Pattern BB with simi- 
larity of initiating stimuli was obtained. 

The common terminating response of 
Pattern BA was, as predicted, correct 
more often than the discriminative 
terminating responses of Pattern AB, 
but the difference was not significant. 
However, the prediction of more correct 
responses with less similar than with more 
similar stimuli for Pattern AB and the 
converse for Pattern BA was confirmed. 

Pattern AA with Pattern BA; Pattern 
BB with Pattern AB.—The facilitative 
and inhibitory effects for Pattern AA 
and Pattern BA, respectively, produced 
the expected interaction of these patterns 
with experimental or control conditions. 
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Facilitative effects for Pattern AA out- 
weighed inhibitory effects for Pattern 
BA. Similarity of initiating stimuli did 
not have significant effects with Pat- 
terns AA or BA separately. For the 
two patterns combined, however, sig- 
nificantly more correct responses oc- 
curred with more similar than with less 
similar stimuli. 

Facilitative effects with Pattern BB 
and inhibitory effects with Pattern AB 
produced the expected interaction of 
these patterns with experimental or con- 
trol conditions with facilitation exceeding 
inhibition. 

Comparisons involving Patterns AA, 
BB, AB, and BA. Relative degree 
of similarity of initiating stimuli pro- 
duced differences in the predicted direc- 
tion with all four patterns. Specifically, 
more correct terminating responses oc- 
curred with similar stimuli than 
with similar stimuli for Patterns 
AA and BA and with less similar stimuli 
than with more similar stimuli for Pat- 
terns BB and AB. Only for Patterns 
BB and AB, however, were the differ- 
ences between more similar and less 
similar stimuli significant. Since both 
patterns involved discriminative termi- 
nating responses, similarity of initiating 
stimuli may have relatively greater 
effects on transfer tasks involving dis- 
crimination than on those involving 
generalization. 

For all 16 combinations, the largest 
number of correct terminating responses 
was obtained for Pattern AA _ with 
similar initiating stimuli under the 
experimental condition. The smallest 
number of correct terminating responses 
occurred for Pattern AB with similar 
initiating stimuli under the experimental 
condition. 

In general, therefore, the observed 
relationships support inferences from 
previous findings that verbal mediating 
responses and stimuli play an important 
role in conceptual naming. Also, infer- 
ences of the importance of verbal mediat- 
ing responses can be extended to initiat- 
ing stimuli of varying relative similarity 
which are more similar to _ pictorial 
representations of common objects, to 


more 


less 
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four separate patterns of relationships 
involving mediating responses, and to 
children. 


SUMMARY 


The significance of verbal mediating re- 
sponses and stimuli in conceptual naming 
was investigated by means of a design in 
which four patterns of possible relationships 
among initiating stimuli, mediating stimuli 
and responses, and terminating responses 
were combined with sets of more similar or 
less similar initiating stimuli. The patterns 
involved initiating stimuli to which Ss 
learned: (a) a common mediating response 
and then a common terminating response 
(Pattern AA), (6) discriminative mediating 
responses and then discriminative terminating 
responses (Pattern BB), (c) a common medi- 
ating response and then discriminative ter- 
minating responses (Pattern AB), and (d) 
discriminative mediating responses and then 
a common terminating (Pattern 
BA). 

The sets of more similar initiating stimuli 
consisted of stylized line-drawings of faces 
or of houses which differed along but one 
dimension. 


response 


The sets of less similar faces or 
differed three dimensions. 
Ninety-six children, ages 8 to 11, in Grades 
2-6, were assigned to eight groups of 12 Ss 
each, equated as nearly as possible for age, 
sex, and IQ. 


houses along 


Comparisons of experimental and control 
conditions indicated that the predicted posi- 
tive transfer had occurred with both Pattern 
AA and Pattern BB. Faster learning was 
obtained with more similar stimuli for Pat- 
tern AA and with dissimilar stimuli for Pat- 
tern BB. Also confirmed were predictions 
of negative transfer under the experimental 
condition with Pattern AB and Pattern BA 
and of faster learning with more similar 
stimuli for Pattern BA and with less similar 
stimuli for Pattern AB. The common ter- 
minating response of Patterns AA and BA 
was acquired faster than the discriminative 


terminating responses of Patterns BB and 
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AB. The overall findings were consistent 
with the general notion of the importance of 
verbal mediating responses in concept forma- 
tion and, more specifically, with predictions 
based on the four different patterns of rela- 
tionships among initiating stimuli, mediating 
responses and stimuli, and terminating re- 
sponses each in combination with more 
similar and less similar initiating stimuli. 
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In two-choice verbal conditioning 
with contingent partial reinforcement, 
E arranges for environmental event 
E, to follow S’s A; response with a 
fixed probability 2; and, similarly, 
event E, to follow S’s Az response with 
a fixed probability 2. In this condi- 
tioning procedure S is not given the 
outcome of the alternative, nonpre- 
dicted response on the nonreinforced 
trials. As a consequence, he may 
assume that either this response, if 
made, would have been rewarded, or 
the trial is a blank one* where no 
reward event follows either response. 
It should be obvious, then, that these 
hypothetical outcomes assumed by S 
can be a source of uncontrolled, and 
differential, reinforcement on the A, 
and A» response tendencies. 

The present study attempted to 
partially control S’s choice of out- 
comes with the use of preconditioning 
instructions which varied in the in- 
formation about outcomes on the non- 
reinforced trials. One group of Ss 
(Group A) was told that all nonrein- 


1 This research was supported by a Faculty 
Research Grant from the Graduate School of 
Indiana University. The author is indebted 
to George Sumner, United States Army, for 
making available army trainees to serve as 
Ss and for his work in a preliminary investiga- 
tion of the problem treated here. 

2Now at Chatham College, Pittsburgh, 
Pennsylvania. 

+ In the experimental literature, the blank 
trial is most frequently treated as an experi- 
mental operation where no response receives 
event E on a particular trial. In this study, 
however, it will refer only to S’s covert 
response of “blank trial’’ to a nonreinforced 
trial. 
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forced trials were to be treated as 
indicating the nonpredicted response, 
if made, would have been rewarded. 
Another group (Group B) was in- 
structed that these trials were some- 
times wrong predictions (i.e., Group 
A’s instructions) and on other occa- 
sions, blank trials. A third group 
(Group C) was given no information 
about the nonreinforced trials. 


An interesting aspect about these 
instructions groups is that the order 
among their mean terminal A; response 
rates can be predicted with statistical 
learning theory. According to the 
theory, a blank trial has no effect on 
either A; or Az response tendencies 
(Atkinson, 1956) so that if all nonrein- 
forced trials were treated as blank trials, 
the expected asymptotic level of A, 


° . 1 
responding would approximate — 
Wi + m2 


(Neimark, 1956). On the other hand, 
if all nonreinforced trials were considered 
as wrong predictions, the expected 


1 — me 


asymptote would be —— (Estes, 
-.Ga = oe 


1954). It also can be easily shown with 
simple algebra that for 7: > m2, the first 
asymptotic expression is larger than the 
second one for all values of m;, and mo, 
between zero and one. Now, since 
Group B is instructed with both out- 
comes of nonreinforced trials, its mean 
response rate should approach some 
limit lying between these two theoretical 
asymptotes. The same would also apply 
to Group C inasmuch as the majority 
of its Ss would be expected to treat some 
nonreinforced trials as blanks and others 
as wrong predictions even though not 
specifically instructed to do so. How- 
ever for Group A, which is given only the 
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wrong-prediction instructions, the ter- 
minal rate should approach the value of 
the second asymptotic expression and 
thus be lower than the other groups. 


Previous attempts (Anderson & 
Grant, 1957; Brand, Sakoda, & Woods, 
1957b) to influence response rates by 
varying instructions in the Humphreys- 
type verbal conditioning situation 
have met with failure, which may 
simply signify that the instructions 
employed in these studies were inade- 
quate in producing the desired sets 
(Kendler, 1959, p. 69). The present 
study uses instructions that are some- 
what different from those of the earlier 
studies and has the additional merit 
of being able to tie them to specific 
predictions from statistical learning 
theory. 

An additional problem considered 
here was concerned with the value 7 
may take. Some investigators (Brand, 
Sakoda, & Woods, 1957a) have found 
evidence to question the assumed cor- 
respondence between instructions like 
those given to Group A and S’s 
tendency to treat the nonreinforced 
trials as instructed, particularly when 
the reinforcement levels are low. In 
the present study 7; was factorized 
with the three sets of instructions 
while +2: was held constant. In this 
case, however, statistical learning 
theory allows no specific predictions 
about the possible interaction between 
these variables. 


METHOD 


Subjects.—The Ss were 120 United States 
Army trainees of college age at Ft. Benjamin 
Harrison. The Ss reported in alphabetical 
order for the training session. Each then was 
randomly assigned to one of the experimental 
conditions but with the restriction that a 
replication of the design was completed before 
beginning with the next replication. Three 
Ss were discarded but replaced with others, 
two because of E error and a third because 
he admittedly alternated his key presses. 
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A pparatus.—During training, S sat under 
a hood facing a stimulus panel: all S-side 
surfaces were painted flat black. At the 
base of the stimulus panel were mounted 
two telegraph keys and a pilot light above 
each key which served as the reinforcing 
event, E; or Ez. Also mounted on the panel, 
at S’s eye level, was a neon indicating lamp 
which signaled S to select and press one of 
the two keys. 

The E sat on the opposite side of the panel 
from 5S, recording S’s key presses and pro- 
graming E; and Es with mercury switches. 
The durations of the signal light, the rein- 
forcing event, and the intertrial interval were 
automatically controlled with three Hunter 
Decade timers wired in series. 

The experimental room was dimly illumi- 
nated and outside noises were minimized by 
scheduling training sessions only in evening 
hours. 

Procedure.—After S was seated in front 
of the stimulus panel, the instructions were 
read to him and his questions answered by 
paraphrasing the appropriate parts of the 
instructions. Immediately following, S was 
run through a series of 200 uninterrupted 
conditioning trials. On each trial, the signal 
lamp was lighted for 1 sec. during which 
time S was to press one of the two keys; the 
appropriate E, or no E, followed in the second 
second; after the third second for the inter- 
trial interval, the next trial began. 

The instructions were the same for all 
three groups except for one section which was 
designed to influence Ss’ covert response to 
the nonreinforced trials. For Group A this 
section read as follows: ‘Sometimes the light 
above the key will come on. But on other 
occasions it will not, which means to you that 
you should have pressed the other key since 
its light was set to come on for that trial. 
You may not, however, press both keys. 
On every trial, you must always press one and 
only one key when the top light goes on.” 
For Group B: “Sometimes . . . which means 
to you one of two things: Either, that you 
should have pressed the other key since its 
light was set to come on for that trial, or, 
that it didn’t really matter which key you 
pressed because both lights were disconnected 
and it was impossible to light them by pressing 
the keys. You may not, however, guess that 
no light will appear.’’ (The last sentence of 
the Group A instructions above.) For 
Group C: (The last sentence of the Group 
A instructions above.) 

Design and randomized sequences of E.— 
Two levels of probability of reinforcement of 
Ai, ™ = .30 or .60, were combined with the 
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Fic. 1. The mean proportion of A; re- 
sponses plotted as a function of trial blocks 
for six groups which received A, B, or C 
instructions and either 30% or 60% rein- 
forcement on Ay. 


three instructions groups to form a 3 X 2 
design, having 20 Ss in each cell.‘ For all 
six cells, m2 was .10. A; was also counter- 
balanced on the right and left sides in each 
cell of the design. 

The selection of key presses to be rein- 
forced was done with 20 unrestricted random- 
ized sequences, a different one for each Sina 
cell. The same 20 sequences were employed 
for the three 30% groups, and a similar 
procedure was followed for the 60% groups. 


RESULTS AND DISCUSSION 


The essential findings of the experi- 
ment are shown in Fig. 1 where the 
mean proportion of A; responses (Key 
A responses) are plotted in trial blocks. 
As predicted from statistical learning 
theory, the figure shows that the A 
groups have the lowest response rates 
over approximately the latter half of 


*A seventh group of 20 Ss received rein- 
forcement probabilities, 7;=.60 and x2.=.40, 
and the Group C instructions. The purpose 
of this group was to find out if the procedure 
used here would result in matching between 
final response-levels and 2 values when 
™, + m2 = las previously reported (Neimark, 
1956). Attest of the difference between the 
expected (.600) and observed (.553) propor- 
tions of A; responses for the last 40 trials, 
using the pooled within-groups error mean 
square as population variance estimator, 
gave a value of 1.93, which for 133 df lacks 
significance at the .05 level; the matching 
hypothesis, therefore, could not be rejected. 
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conditioning while the B and C groups 
are approaching similar rates near the 
close of the conditioning series. 

The reliability of these differences 
was tested in a modified form of the 
analysis of variance. Using the A, 
response frequencies on the last 100 
trials, the differences among the three 
instructions groups, combined on the 
mw, variable, were tested against the 
within-groups variance estimate. Be- 
cause the order among the terminal 
response rates of these groups was an 
a priori prediction, the following two 
orthogonal comparisons were tested 
rather than the overall comparison 
of group means: A vs. BC and B vs. C. 
The F ratio for the A vs. BC compari- 
son was found to be 4.35 (df = 1/114, 
.05 > P > .025);° the F ratio for the 
B vs. C comparison was less than one. 

A similar analysis also was made 
on the first 40 conditioning trials 
as a check for possible initial differ- 
ences between the instructions groups: 
all the F ratios turned out to be less 
than one. However, these nonsignifi- 
cant differences are not attributable 
necessarily to any larger variability 
in Ss’ response rates on these trials 
than on A comparison 
of the within-groups variance esti- 
mates of the first and last 40 training 
trials found them to differ but slightly 
(18.11 and 18.39, respectively), yet 
the reliability of differences among 
the three instructions groups on the 
last 40 trials was the same as reported 
above for the final 100 trials. 


later ones. 


By contrast, the findings here stand 
as an exception to other studies (Ander- 


5 Ina recent article on multiple-comparison 
Ryan (1959) has suggested (after 
Tukey) that where several comparisons be- 
tween individual groups means are involved, 
the significance level be lowered to maintain 
a constant error rate. Because the a priori 
predictions dealt with in this study were 
based on a well-known theory, the .05 level 
was kept here. 


tests, 








TWO-CHOICE VERBAL CONDITIONING 


son & Grant, 1957; Brand et al., 1957b) 
which failed to find any effect from vary- 
ing instructions in the Humphreys-type 
verbal conditioning situation. As stated 
earlier, the instructions here differed from 
theirs, which may account for the differ- 
ence in outcomes. Also, in view of our 
findings, the usual conclusion drawn that 
negative results with respect to instruc- 
tions simply indicated the stability of be- 
havior in this conditioning situation is 
now open to question. 

An interaction instructions 
and reward levels was expected on the 
basis that Ss receiving the wrong-predic- 
tion instructions may disregard them 
when reward levels are low. Here, this 
means the 30%-A group should depart 
from its predicted asymptote more than 
should the matched 60% group. At 
first glance, Fig. 1 favors this possibility 
by the smaller difference in terminal 
response rates for the 30%-A vs. 30%- 
BC groups than for the similar 60% 
groups, particularly on the last trial 
block. On closer analysis, however, this 
interaction was found rather to result 
from the 30%-B and 30%-C groups 
having terminal rates relatively closer 
to 30%-A’s predicted asymptote in com- 
parison to the parallel relationship in 
60% groups. Also to be noted is that 
failure of the A groups to depart from 
their predicted asymptotes in the ex- 
pected direction was not consistent with 
the findings of others (Brand et al., 
1957a). This discrepancy can be ex- 
plained, in part at least, in terms of the 
several ways their instructions differed 
from Group A’s instructions, even though 
they equivalent to the 
latter. This would seem to be a reason- 
able assumption on the grounds that in- 
structions in both studies were designed 
to influence how the S should consider 
the nonreinforced trial which, in turn, 
would affect response rates. 


between 


were logically 


SUMMARY 


The present study varied instructions 
which dealt with how Ss should consider the 
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nonreinforced trials in the two-choice con- 
tingent partial reinforcement situation: Group 
A was told to treat nonreinforced trials as 
making wrong predictions; Group B was told 
that these trials could be either wrong pre- 
dictions or blank trials; Group C was told 
nothing about the nonreinforced trials. The 
order among the mean terminal response 
rates of the three instructions groups 
predicted from statistical learning theory 
and confirmed: Group A had a lower mean 
rate during the last 100 of 200 trials than the 
other groups, and Groups B and C had 
somewhat similar mean rates. By contrast, 
differences among these groups on the first 40 
conditioning trials were negligible. 

Also investigated was a possible inter- 
action effect between these instructions 
groups and reinforcement levels (30% and 
60%) for the A; response. No interaction 
in the expected direction was obtained. 


was 
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In the eleven years since psycholo- 
gists were introduced to information 
theory by Miller and Frick (1949), 
several hundred articles in that area 
have appeared in psychological and 
related journals. In general, how- 
ever, these studies have been tied 
closely (conceptually) to the electri- 
cal communication system model, and 
few attempts have been made to relate 
information theory to existing theoret- 
ical positions in psychology. Berlyne 
(1957b) has commented on the “un- 
mistakable affinities’ between infor- 
mation theory and S-R theory and 
suggested the value of attempting an 
integration of the two theories. In 
this context he proposed a “‘degree of 
conflict’’ measure (related to informa- 
tion measures of “‘uncertainty’’) and 
discussed its usefulness in assessing 
such variables as emotional disturb- 
ance, reaction time, drive, curiosity, 
stimulus complexity, and reward. 

The research reported here is the 
first of a projected series intended to 
assess the relationship between infor- 
mation theory extensions in psychol- 
ogy and S-R reinforcement theory. 
This paper attempts to demonstrate 
that information deprivation func- 
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tions as a motivational variable and 
that the information-deprived S will 
execute, with increasing frequency, 
instrumental responses which cause 
increasing amounts of information to 
be introduced into the environment. 
Information is defined as the reduc- 
tion of uncertainty in a_ receiver 
(Shannon, 1948). In order to deprive 
S of information, then, an experi- 
mental environment of maximal cer- 
tainty of stimulation must be devised. 
In the limiting case, if for a given S 
there is perfect and continuing cer- 
tainty regarding the aspects of the 
environment, then no uncertainty can 
be reduced. In the present study, 
maximal certainty of the environment, 
or information deprivation, was pro- 
duced by isolating S in a lightproof 
chamber with audition greatly re- 
stricted. The environment is similar 
to that employed in various “‘sensory 
deprivation” studies (e.g., Bexton, 
Heron, & Scott, 1954; Heron, Doane, 
& Scott, 1956; Vernon & Hoffman, 
1956), but serves here a very different 
theoretical purpose and is associated 
with a different dependent variable. 
In the present study the dependent 
variable was frequency of an instru- 
mental response which presented pat- 
terned series of faint lights to S’s view. 
The main hypotheses may be stated 
as follows: (2) Human Ss in a condi- 
tion of information deprivation will 
learn and maintain an instrumental 
response associated with the occur- 
rence of light stimulation. (6) The 


rate of instrumental response will be 
an increasing monotonic function of 
(c) The fre- 


hours of deprivation. 
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quency of instrumental response will 
be an increasing monotonic function 
of the amount of information con- 
tained in the patterning of the light 
stimuli. 

The published research most clearly 
related to these hypotheses comes 
from the areas of perceptual ‘‘curi- 
osity’’ and exploratory behavior. In 
a study of conflict and information 
theory variables related to human 
perceptual curiosity, Berlyne (1957a) 
utilized visual incentives differing in 
degree of relative uncertainty. The 
Ss were allowed to respond as often 
as they wished to produce brief ex- 
posures of cards showing various pat- 
ternings of simple geometric figures. 
Frequency of response was directly 
related to the asymmetry, irregularity, 
or complexity of figures, and inversely 
related to their redundancy. To the 
best of the writers’ knowledge, this is 
the only study of an information 
dimension of visual incentives with 
human Ss. Studies related to an 
information drive variable in human 
Ss appear to be totally lacking. 


EXPERIMENT | 
Method 


Subjects—Eight undergraduate male vol- 
unteers from the University of Pittsburgh 
served in this study. They were paid $12.50 
per day. Data relevant to a particular aspect 
of the problem are available for an additional 
10 Ss. 

Experimental design.—The Ss were main- 
tained in a condition of information depriva- 
tion for a period of 12 hr. on each of 4 days. 
The four experimental sessions were separated 
by 2-day intervals. Four degrees of informa- 
tion in light series were employed ; the relative 
information values were .00, .33, .67, and 1.00. 
On each day, S’s instrumental response was 
followed by one only of the four series. All 
Ss received all four information series over 
the four days. The order in which Ss received 
the information series over the four days was 
systematically varied in a latin square design. 

Response functions plotted over the 12-hr. 
experimental session would be difficult to 
interpret if S’s fluctuations between sleep 
and wakefulness were not known. For this 


‘ days and four information values. 
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reason, the decision was made to try to keep 
all Ss awake throughout by the administration 
of a 15-mgm. dexedrine spansule. This dosage 
was sufficiently low that no side effects of any 
sort were observed by Es, or reported by Ss. 

The information variable-—The S's instru- 
mental response consisted of a button press. 
Each response activated electronic program- 
ing apparatus which caused a series of light 
flashes to appear on a panel in the ceiling of 
the experimental room. There were two 
classes of light flashes, red and green. Each 
was produced by a very weak current to a 
small neon bulb behind a heavy glass lens. 
The two lenses were 4 in. apart. The flash 
was sufficiently faint as to illuminate no part 
of the room to the dark-adapted eye. 

Each series, regardless of information value, 
always consisted of 24 flashes appearing 
singly at 1-sec. intervals. The apparatus was 
devised so that a light series in progress would 
not be affected by additional button presses. 
The various relative information values de- 
pended upon the proportion of the 24 flashes 
which were random (or “‘uncertain,” from S's 
standpoint). The relative information value 
of .00 was represented by zero randomness, 
i.e., 24 lights of a single, fixed color. The 
relative information value of 1.00 was repre- 
sented by a random determination of color 
for each of the 24 flashes. The intervening 
values of .33 and .67 were associated, respec- 
tively, with one-third and with two-thirds of 
the 24 flashes determined randomly with 
regard to color. The latter two types of series 
are summarized as follows, where F refers to a 
flash of fixed color, R to a flash of randomly 
determined color : 


33 FFRFFR etc. 
.67 FRRFRR etc. 


ret = 


Trl 


The color of F, the fixed flash, was sys- 
tematically varied over Ss and over the four 
For a 
given S on a given day, however, the color 
of the fixed flash was always the same, 
regardless of the number of responses made. 

Procedure.—Subjects were called in groups 
of three (the number of Ss run concomitantly) 
to a brief meeting two or three days before 
the first experimental session. At that time 
they were instructed not to drink alcoholic 
beverages, and to go to bed by 11:00 P.m., on 
the evening preceding an experimental day. 
They were instructed not to eat or drink any- 
thing prior to coming to the experiment, as 
they would be given breakfast upon their 
arrival. Conditions of payment were also 
discussed. Total payment was to be made 


at the conclusion of Day 4; Ss failing to ap- 
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pear for any of the four sessions would forfeit 
all pay. 

Each experimental session began at 8:00 
A.M. with Ss to appear at 7:15. On Day 1, 
the three Ss were given general instructions 
orally, in a group meeting. The experiment 
was introduced as a “study of boredom.”’ 
The Ss were informed that they were simply 
to lie quietly on a bed in a darkened room 
and that no activity of any kind would be 
permitted other than eating and using the 
toilet. An exception to this rule was that, 
whenever they wished, they could press a 
button at the side of the bed which would 
cause a series of light flashes to appear in the 
ceiling. Subjects were urged to avoid formu- 
lating rules governing their use of the button, 
and to respond or not simply as their moment- 
to-moment impulses directed. Complete 
instructions were given regarding such me- 
chanical aspects of the experiment as the 
method of feeding, use of the toilet, etc. 

The Ss were then taken to separate, light- 
proof experimental rooms to await breakfast. 
Each room was bare of all furnishings except 
a bed, mounted to the floor on heavy felt 
pads. Subjects were instructed to practice 
going from the bed to the toilet with eyes 
closed, so that they could later do so in the 
dark without danger of falling. 

After S had eaten breakfast, E entered to 
give final instructions. The S was shown 
the button on the end of a flexible cord at the 
side of the bed and informed exactly as to the 
nature of the light series that would occur 
following each press of the button. It was 
emphasized that the pattern of lights (which- 
ever of the four information series was as- 
signed to S on that day) would not change 
throughout the course of the day, and that 
S should feel free to use the button as often 
or as seldom as he wished. In explaining 
what kind of light series S would receive, E 
pointed out the serial location of the fixed 
and random flashes and made certain that 
S understood the concept of randomness and 
that a random flash was “rerandomized”’ 
in the series produced by further button 
presses. The Ss were not informed, at the 
beginning of any of the four sessions, as to the 
nature of the light series to be encountered 
in subsequent sessions. At the conclusion of 
these instructions, S fitted beeswax and cotton 
plugs in his ears and put on acoustical ‘‘ear- 
muffs” (a product of Mine Safety Co. called 
“Noise-Foe’’). The light was then removed 
from the room and S immediately made two 
“trial’’ responses, causing two series of 24 
lights to appear. The beginning of the 12-hr. 
session was dated from that point; the two 
trial responses were not included in the data. 
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A continuous recording of the  button- 
pressing response was kept by Esterline-Angus 
equipment. 

The Ss were given no information as to 
the number or time of feedings they would 
receive. All Ss received three meals, spaced 
4 hr. apart, during each 12-hr. session. The 
time of the first meal, however, was varied 
systematically over the first 4 hr. of the 
session. The meals were put in trays which 
E pushed across the floor to the bed with a 
pole, while standing in the doorway of the 
experimental room. The doorway was 
“light-locked” to preserve the deprivation 
situation. The Ss typically reported being 
unaware of the presence of E until the signal 
for food was given (two raps of the pole 
on the leg of the bed). At no other time 
was the experimental room entered. 

At the conclusion of each 12-hr. session, 
Ss individually answered a brief question- 
naire concerning their reactions to the experi- 
ment and their physical comfort. This was 
principally for the guidance of Es and was not 
intended as an experimental variable. 

After Day 1, Ss went to their rooms im- 
mediately upon arrival, without repetition 
of the group-administered instructions of the 
first day. At the beginning of each session, 
however, the nature of the light series for 
that day was carefully explained individually 
to each S 


Results ‘ 


Data relevant to the hypothesis 
that Ss in a condition of information 
deprivation will learn and maintain 
an instrumental associated 
with the occurrence of light stimula- 
tion, are available for the eight Ss of 
the latin square design and for 10 
additional pilot Ss. Of these 18 Ss, 
14 made more than two responses 
in each experimental session. (Lower 
response frequencies were disregarded 
as possibly due to ‘“‘chance”’ or non- 
intentional pressing of the button.) 

For the eight Ss of the latin square 
design, the mean numbers of responses 
for each of the four experimental days 
were, successively, 143, 42, 41, and 
72. There was great inter-S vari- 
ability; the SDs were 111, 43, 36, 
and 100. The 10 additional pilot Ss 
did not each complete all four days, 


response 














TABLE 1 


ANALYSIS OF VARIANCE OF PROPORTIONS OF 
RESPONSES: Exp. I 





Source df us F 

Days (D) 3 |.035 3.50* 
Information values (1) 3 |.007 .70 
Pooled error 18 |.010 

residual 6 |.017| 2.83 

D X Ss within orders (12 |.006 
Hours (3 hr. periods) (H) | 3 |.027 | 13.50*** 

linear 1 |.040 | 20.00*** 

quadratic 1 |.041 | 41.00*** 

cubic 1 |.001 - 
Pooled error 21 |.002 

linear 7 |.002 | 

quadratic 7 |.001 

cubic 7 |.004 
DXH 9 |.006} 3.00* 
IXH 9 |.003| 1.50 
Pooled error 54 |.003 | 

residual 18 |.005 | 2.50* 

D XH X Ss within 

orders 36 \.002 
*P <.05. 
PP < .001. 


and for that reason their data were 
not pooled with the others in the 
means and SDs just cited; their 
response frequencies were generally 
consistent with those values, however. 

Table 1 summarizes the repeated 
measurements analysis of variance of 
trends (Grant, 1956) of the data for 
the eight Ss of the latin square design. 
Data are the proportions of total 
responses tabulated over 3-hr. periods 
of each of the four experimental days; 
thus, for each S there are 12 values 
summing to one. Response was 
found to have both a significant 
linear and quadratic relationship to 
hours of deprivation (linear F= 20.00, 
df=1/7, P<.01; quadratic F=41.00, 
df = 1/7, P < .01). As may be seen 
in Fig. 1, the overall linear trend is an 
increasing one over time; the quad- 
ratic trend refers to the falling off of 
response in the final 3-hr. period. 
The distribution of responses over 
the four experimental days is shown 
in Fig. 2. Response is a significant 
decreasing function of days (F=3.56, 
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df = 3/18, P< .05). The Hours 
X Days interaction is also significant 
(F = 2.81, df = 9/36, P < .05), re- 
flecting the fact that the response 
functions increase less rapidly over 
time upon successive experimental 
days. (Figure 2 shows an alternative 
plot of the data in which Subject AD 
was excluded. During Day 4 AD 
reported seeing a spark or speck of 
light inside his button. Curiosity 
over this caused him to press the 
button several hundred times in rapid 
succession, thus substantially raising 
the group mean for that day. The 
Es afterward could determine no 
malfunction of the button and were 
unable to verify S’s observation. 
Such an extended series of responses 
is highly atypical, and the alternative 
plot in Fig. 2 is offered to suggest 
that the “true’’ group function prob- 
ably approaches asymptote on Day 4. 








Data for AD were included in the 
analysis of variance.) 
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No significant differences were 
found between the proportions of re- 
sponses associated with the four infor- 
mation values of light series. This 
relationship was less adequately tested 
than the others, however, for the 
reason that rate of response was very 
much higher on Day 1 than on suc- 
ceeding days; thus the data on Day 1 
to a great extent determined the 
shape of all trends. The latin square 
design provided that a particular in- 
formation value of light series would 
occur on Day 1 for two Ss, on Day 2 
for a different two Ss, etc. Thus, 
there was an “‘effective’’ N of 2 for 
the assessment of main effects of 
information values, due to the strong 
decremental trend over days. 


EXPERIMENT I] 


The principal purpose of Exp. II was 
to provide a more adequate assessment 
of the hypothesis that frequency of in- 
strumental response will be an increasing 
monotonic function of the amount of 
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information contained in the patterning 
of the light stimuli. 

A second purpose was related to the 
interpretation of the finding in Exp. I 
that the rate of the instrumental response 
was linearly related to hours of depriva- 
tion. This suggests that information 
deprivation may function as do some 
physiological drives, in becoming more 
intense—and thus leading to increased 
goal activity—over increasing periods of 
deprivation. In the Hullian view, this 
interpretation is clouded by the formula- 
tion that performance is a function of 
drive and habit strength: sEr=f{(HXD). 
In Exp I, all Ss were free to respond and 
to receive the information incentive from 
the beginning of each session; thus, the 
increasing response function over time 
could be mainly or entirely a result of 
increased habit strength associated with 
increasing numbers of reinforced trials— 
without any contribution of an informa- 
tion drive variable. In Exp. II an at- 
tempt was made to examine the drive 
variable directly through the use of 
groups of Ss differing in their degree of 
deprivation before being allowed access 
to the incentive. 

A third purpose was to introduce a 
control series of light stimuli. Should 
it be found that Ss respond more fre- 
quently to produce light series of higher 
degrees of information, it might be 
argued that the determining character- 
istic of the incentive is its variability 
rather than its uncertainty—or random- 
ness—per se. For this reason, Exp. II 
included a fifth light series, which had 
zero relative information value, because 
the series was completely ‘‘fixed”’ or 
predictable, but which had maximum 
stimulus variability in the sense of maxi- 
mum alternation of stimulus categories. 
This control series consisted of a fixed, 
single alternation of red and green flashes. 
If variability, or stimulus change, is a 
crucial aspect of the incentive, then Ss 
should respond just as frequently to this 
control series, designated 0, (zero infor- 
mation, alternation), as to the informa- 
tion series 1, which represents maximum 
information and also a high degree (ran- 
dom alternation) of stimulus change. If, 
however, it is information or uncertainty 
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per se which is the crucial aspect of the 
incentive, then response to the Og series 
should not differ significantly from re- 
sponse to the 0 series, both being less 
frequent than response to series of higher 
information values. 


Method 


Subjects—The Ss were 26 undergraduate 
male students from the University of Pitts- 
burgh. Each S was paid $12.00. 

Experimental design.—Each S was main- 
tained in a condition of information depriva- 
tion for one 10-hr. period. Subjects were 
divided into two groups of 13 each. The first 
group was not allowed to use the button or to 
receive the light series until a signal had been 
given 1 hr. after the beginning of the session. 
The other group was not allowed to use the 
button until a signal was given after 5 hr. 
had elapsed. In all other respects the groups 
were treated identically. The 1-hr. signal 
group is called Group I, and the 5-hr. signal 
group is called Group V. Not all Ss success- 
fully completed the experimental session ; the 
causes of attrition will be noted under the 
appropriate sections below. 

Each S was provided with a small control 
panel with one button and a dial which could 
be put in one of five positions. The S was per- 
mitted a “cafeteria” selection from among the 
the four light series of Exp. I, with relative 
information values of 0, .33, .67, and 1, plus 
the control series, 0,. The order with which 
the various light series were assigned to dial 
was systematically varied As 
in Exp. I, the color of the redundant or 
“fixed” flashes was constant within Ss but 
systematically varied among Ss. 

Procedure-—Except as specifically indi- 
cated to the contrary, the procedure was in all 
ways identical to that of Exp. I. The Ss 
arrived at 8:20 a.m. and received breakfast 
and instructions prior to entering the depriva- 
tion situation at 9:00 a.m. They were given 
group instructions similar to those for Exp. I, 
but with the following additional paragraph: 


positions 


It has been found in previous research 
that such boredom may be alleviated some- 
what by the presentation of series of brief 
light flashes in the room. The purpose of 
this experiment is to find out what kinds of 
series work best—that is, what kinds of 
patterns of lights are most helpful in re- 
lieving boredom. As you lie on the bed 
in the darkened room, there is one thing 
you will be allowed to do. Whenever you 
wish, you may push a button at the side 
of the bed which will result in a series of 
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brief light flashes in the ceiling. There 
will be a dial which may be set in any one 
of five positions, which will determine the 
kind of series—or pattern—which will 
occur. Exactly what the different series 
will look like you will see later. The main 
thing to remember is that you may push 
the button as often as you wish, for which- 
ever pattern you wish. 


At the conclusion of the instructions, Ss 
were taken to their individual experimental 
rooms for breakfast and for final instructions. 
As in Exp. I, each S was given detailed in- 
structions in the use of the apparatus and 
complete information as to the light series 
associated with each dial position. They 
understood that the light series associated 
with particular dial positions would not 
change in any way throughout the session. 
They were told not to use the apparatus until 
a signal was given, and that the time of the 
signal would be determined randomly. Fol- 
lowing the signal, the apparatus would be 
continuously operative until the end of the 
session. Each S was instructed to check his 
understanding of the apparatus by trying 
each of the five light series twice in succession, 
following which the 10-hr. deprivation period 
was begun. 

During the 10-hr. period, Ss were fed in the 
manner described above for Exp. I. After 
1 hr., Ss of Group I were each given the signal 
that the light apparatus was available, and 
similarly for Group V after 5 hr. The signal 
was administered by E giving six short raps 
on the leg of the bed with a pole while stand- 
ing in the doorway of the experimental room. 
As in the case of feedings, the doorway was 
carefully light-locked and Ss afterward re- 
ported not being aware of the presence of E 
until the raps actually occurred. 


Results 


In Fig. 3, the mean proportion of 
responses to each of the five light 
series is given. Proportions were com- 
puted for each S and then averaged, 
so that all Ss are given equal weight- 
ing despite differences in absolute 
number of responses. The proportion 
for 0,4 is plotted with the abscissa 
broken to acknowledge that a different 
stimulus dimension (variability or 
alternation, rather than information) 
is involved. Table 2 summarizes the 
analysis of variance of trends for 
these data (Group I and V combined) 
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Fic. 3. Mean proportions of responses asso- 
ciated with the five light series: Exp. II. 


excluding the values for 04, however, 
for the reason just noted, that a dif- 
ferent stimulus dimension is involved. 
Proportion of response is shown to be 
a highly significant linear function 
of the relative information value of 
the light series (F = 23.33,df = 1/25, 
P < .001). No significant differences 
were found between proportions of 
response to 0 and Ox, or between O,4 
and .33 (P > .05 in each case). 

In Fig. 4, the mean proportions of 
responses are plotted individually for 
Groups | and V as a function of hours 
of deprivation. Separate analyses of 
variance of trends were performed, 
over the 9 hr. of responding for Group 
l and over the 5 hr. of responding for 
Group V._ Interaction terms were 
computed according to the method 


TABLE 2 


ANALYSIS OF VARIANCE OF PROPORTIONS OF 
RESPONSES ACCORDING TO THE IN- 
FORMATION VALUES OF LIGHT 
Series: Exp. II 


Source df MS F 

Information values (I)| 3 24 

linear 1 Jo | 23.33°°* 

quadratic 1 .00 

cubic 1 01 
Between Ss 25 04 
1x & 75 03 

linear 25 03 

quadratic 25 | .04 

cubic 25 03 

P< .001. 
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suggested by Myers (1959). The 
analysis for Group | is summarized 
in Table 3. The data are the propor- 
tions of responses made to each of the 
four information values, 0, .33, .67, 
and 1, in each of the nine 1-hr. periods. 
Thus, for each S the data consist of 
36 proportions summing to one. The 
analysis is based upon 11 rather than 
13 Ss; the data for two Ss are incom- 
plete owing to apparatus malfunction. 

Response shows a significant down- 
ward linear trend over hours (F=5.53, 
df = 1/10, P < .05). There was a 
significant linear relationship between 
response and the information values 
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sponses as a function of hours of deprivation: 
Exp. II. (For ease of comparison, Group | 
is plotted on Scale A, Group V on Scale B.) 


of light series (F = 23.04, df = 1/10, 
P < .001), which is consistent with 
the analysis summarized in Table 2, 
based upon pooled data of Groups | 
and V. All interactions of Hours and 
Information Values were nonsignifi- 
cant, except for the cubic Information 
X quartic Hours component (F=5.02, 
df = 1/10, P < .05). Due to the 
relatively large number of simultane- 
ous interaction Fs, and to the absence 
of any clear rationale for such an 
interaction, this finding is interpreted 
as due to chance fluctuations in the 
data. 

Table 4 summarizes a similar analy- 
sis of variance for the data of Group 
V. The analysis is based upon the 
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TABLE 3 


ANALYSIS OF VARIANCE OF PROPORTIONS OF 
RESPONSES FOR Group I: Exp. II 





Source df Mus I 
Ss , 10} .0000 
Hours (H) | 8|.0040| 1.29 
linear } 1.0083; 5.53* 
quadratic 1 | .0001 | 
cubic | 1.0007 | 
quartic | 1} .0000 | 
quintic 1 | .0000 | 
sextic 1 | .0034 ~— 
septic; | 1|.0191} 3.35 
octic | 11} .0000 
H X Ss | 80 | .0031 
linear} 10 | .0015 | 
quadratic | 10 | .0047 | 
cubic | 10) .0017 | 
quartic 10 | .0014 | 
quintic | 10} .0016 
sextic 10 | .0042 
septic | 10 | .0057 
octic | 10 .0042 
Information values,(1) | 3} 0192} 4.36* 
linear | 11] .0553 | 23.04*** 
quadratic 1 | .0005 | - 
cubic | 1} .0018| 
I xX Ss | 30} .0044 | 
linear | 10| .0024 
quadratic | 10} .0076 
cubic | 10 | .0033 
I x H* | 24 | .0016 
I XH X Ss | 240 | .0028 





* All components of interaction also nonsignificant 
with single exception noted in text 
*P < 05. 


oe P < Oi. 


eight Ss for whom no apparatus mal- 
function occurred and who did not 
violate the requirements of the experi- 
ment by ‘‘jumping the gun” and 
responding before receiving the signal. 
(That the latter was possible at all 
was due to an unforeseen deficiency 
in the apparatus which was subse- 
quently remedied.) As in the analysis 
for Group I, the data are the propor- 
tions of responses associated with 
each information value in each of the 
5 hr. of responding. The trend analy- 
sis over hours shows both the quad- 
ratic and quartic trends to be signifi- 
cant (quadratic F = 50.29, P < .01; 
quartic F = 6.95, P < .05; both with 
1/7 df). The quadratic trend indi- 
cates a negatively decelerated rate of 
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response over time. The quartic 
trend reflects a somewhat cyclic fluc- 
tuation of response. The linear rela- 
tionship between response and the 
information values of light series did 
not attain significance, as it did in 
the pooled analysis of Table 2. All 
interactions of Hours and Information 
Values were nonsignificant. 

Figure 5 compares the data of 
Groups I and V in their first 5 hr. of 
access to the incentive. Data are 
the mean absolute numbers of re- 
sponses during each hour. In order 
to provide equal Ns for the analysis 
of variance of trends (summarized in 
Table 5), the first eight Ss run in 
Group | were compared to the eight 
Ss of Group V. The finding of prin- 
cipal interest regarding the interpre- 
tation of information deprivation as 
drive is the significant quadratic com- 
ponent of the Hours X Groups inter- 
action (F=7.52, df=1/14, P<.02). 
This interaction refers to the fact 


TABLE 4 


ANALYSIS OF VARIANCE OF PROPORTIONS OF 
RESPONSES FOR Group V: Exp. II 





Source | df MS I 
Ss 7 | .0000| - 
Hours (H) 4 | .0171 683°" 
linear 1 | 0128) 2.13 
quadratic | 1 | .0352 | 50.29*** 
cubic | 1 |.0071| 2.96 
quartic | 1 |.0132| 6.95* 
H X Ss | 28 0028 
linear | 7 | 0060 
quadratic 7 | .0007 
cubic | 7 | .0024 
quartic 7 | .0019 
Informaticn values (1) 3 | .0163; 1.79 
linear 1 | .0396) 2.61 
quadratic 1 | .0039 39 
cubic 1 | .0056| 2.80 
I xX Ss 21 | .0091 
linear 7 | .0152 
quadratic 7 | .0100 
cubic 7 | .0020 
I x H* 12 | 0021} 1.24 
[XH X Ss 84 | .0017 
* All components of interaction also nonsignificant. 
*P < 0S. 
*P < O01. 


** P < O01. 
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HOURS 
fH Fic. 5. Mean absolute numbers of re- 
sponses during the first 5 hr. of access to the 
incentive: Exp. II. 


that, in their first 5 hr. of access to 
the incentive, Ss of Group V began 
by responding at a much higher rate 
than Ss of Group I, but in successive 
hours responded at a lesser rate, 


TABLE 5 
ANALYSIS OF VARIANCE OF ABSOLUTE NUMBER 
OF RESPONSES FOR Groups I AND V OVER 
First 5 Hr. oF RESPONDING: Exp. II 











»ource df WS F 
Hours (H 4 791 a> 
linear 1 792 8.16* 
quadratic St } 3216 | 35.79" 
residual 2 578 
Groups (G) 1 2112 2.47 
HxG 4 183 1.69 
linear 1 76 
quadratic 1 See | ia 
residual 2 42 
Ss 14 854 7.83°°* 
Ss X H 56 109 
linear | 14 97 
quadratic 14 77 
residual 14 132 
*P <.05. 
+P < O1. 
“P< 001. 


approximating that of Group I, fi- 
nally increasing their rate differential 
again in the fifth hour. The signifi- 
cant linear and quadratic trends over 
hours duplicate the finding of the 
earlier analyses (Tables 3 and 4). 
Significant individual differences were 
demonstrated. 

The analyses of variance reported 
thus far, except for the last, have 
been based upon proportions of total 
responses as the dependent variable. 
It was felt that this was the most 
meaningful dependent variable, though 
the choice was to some extent an 
arbitrary one. The possibility re- 


MEAN 
, 


Fic. 6. Mean proportions of total bits 
received by Ss as a hours of 
deprivation: Exp. Il. (For ease of compari- 
son, Group I is plotted on Scale A, Group V 
on Scale B.) 


function of 


mained that some other dependent 
variable might have yielded additional 
results of importance. As a check on 
this point, the data were retabulated 
in terms of the proportions of total 
bits of information received by S 
which were associated with the various 
information values and hours of dep- 
rivation. These data are presented 
graphically in Fig. 6. A comparison 
of Fig. 4 and 6 shows a clear con- 
gruence between the plots of the two 
different dependent variables. The 
analyses of variance of trends for 
Groups I and V were repeated em- 
ploying the variable of proportion of 
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bits, with the same results as in the 
previous analyses (Tables 3 and 4). 


DISCUSSION 
Information Deprivation as Drive 


The combined results of Exp. I and II 
support the view that information dep- 
rivation functions as a drive variable 
in the same the well-studied 
homeostatic “rives of hunger, pain, and 
thirst. 

An adequate test of information dep- 
rivation as a motivational variable rests, 
first of all, upon E’s success in eliminat- 
ing all ‘“demand” characteristics of the 
experimental situation for each S, a prob- 
lem recently discussed in another context 
by Orne (1959). That is, S must feel 
entirely free of implicit social pressure 
to perform the response expected by E. 
In this experiment Es took great care to 
impress upon each S that to perform in 
accordance with any conception he might 
have of E’s views was a violation of the 
requirements of the experiment, that E 
wished only that S would do as he him- 
self felt. Postexperimental questionnaire 
and interview data indicate that this 
effort was successful for most Ss. For 
three of the four Ss (out of 18) in Exp. I 
who made less than the criterion of two 
responses, it was subsequently discovered 
that they had persisted in viewing the 
experiment as a test of their personal 
strength, in which making the instru- 
mental response was an admission of 
weakness. (The second experiment was 
more successful in eliminating this prob- 
lem.) Fourteen of the 18 Ss of Exp. I 
did perform in excess of the criterion 
number of responses; thus for the major- 
ity of Ss, information deprivation clearly 
functioned as a motivational variable as 
determined by their learning and main- 
taining an instrumental response serving 
to introduce the relevant incentive. 

In designing Exp. I, the attempt was 
made to select an incentive of very low 
magnitude so as to provide for an in- 
creasing response function over a rela- 
tively long period of deprivation. Too 
great an incentive would lead to early 
satiation, with a decrement of response 
and a less clear opportunity to observe 


sense as 
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the energizing effects of successive hours 
of deprivation. That the incentive, in 
fact, was of low magnitude is attested 
by Fig. 1; response rose steadily over 
the first 9 hr., falling off somewhat in the 
last 3 hr. of the session. The reason 
for that decline in response is not clear. 
There is some evidence that Ss had 
minimal cues as to the passage of time 
and that they anticipated the end of 
the session. It is possible that for some 
Ss the dexedrine spansule was no longer 
effective, so that they slept in the final 
hours, thus depressing the group response 
function. If the decrement is not an 
artifact, it might be inferred that the 
satiation part of a drive-satiation cycle 
had begun. 

That information deprivation is a mo- 
tivational variable seemed reasonably 
clear from Exp. I. That it functioned as 
drive in the Hullian formulation was, 
however, not clear owing to the fact 
that habit strength and drive were con- 
founded as determinants of increased in- 
strumental response over time. In Exp. 
II, Ss of Group I were deprived of access 
to the incentive for 1 hr. and Ss of Group 
V were similarly deprived for 5 hr. Ac- 
cording to the information drive hypoth- 
esis, Ss of Group V would be expected, 
in their first hour of access to the incen- 
tive, to make the instrumental response 
much more frequently than would the Ss 
of Group I in a comparable period. Such 
a difference would be due to the differ- 
ential effect of drive level on the per- 
formance of the two groups, since initial 
habit strength is presumably the same 
in each group. With successive hours 
of continuous access to the incentive, 
however, the effects of the difference in 
drive (hours of deprivation) should 
diminish, so that the high rate of response 
in Group V should decrease and more 
nearly approximate the response rate of 
Group I. Such a relationship did, in 
fact, occur. In general the data support 
the view that the increasing response 
rate over deprivation time observed in 
Exp. I (Fig. 1) is dependent at least in 
part upon increases in drive rather than 
increases in habit strength alone. 

A finding that is somewhat trouble- 
some to interpret is that of decreasing 
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response over 
(Fig. 2). 


tion” 


the 4 days of Exp. I 
This apparent ‘‘accommoda- 
effect may be the result of several 
factors which may’ only be speculated 
about at this stage. One of the more 
plausible explanations has to do with 
the presence of irrelevant drive, anxiety, 
which differentially increases perform- 
ance on Day 1. The Ss of Exp. I, com- 
mitting themselves to a 4-day series, were 
understandably somewhat apprehensive 
on Day 1. After Day 1, when they 
learned that Es did not in fact stress or 
“trick”’ them in any way, it seems likely 
that their anxiety was sharply reduced, 
with the result that performance dropped 
to a level associated principally with the 
relevant drive—information deprivation. 


Information as Incentive 


The results of Exp. II clearly verify 
the hypothesis that the frequency of 
instrumental response is an increasing 
monotonic function of the amount of 
information contained in the light series. 
Also, the relationship is linear. 

It is believed that the incentive was, 
specifically, a stimulus serving to reduce 
uncertainty in S, i.e., a stimulus con- 
taining information—or some degree of 
unpredictability. It that 
when Ss respond maximally to informa- 
tion series 1, they are not responding 
simply or primarily to the alternation 
of stimulus categories, for they respond 
at a relatively low rate when the series 
contains maximal alternation but is com- 
pletely redundant. This is not to say 
that differences in degree of alternation 
or stimulus change may not have differ- 
ential incentive value when relative in- 
formation is held constant. From the 
present study, however, we infer at least 
that information is the more potent di- 
mension of incentive. 

For both Exp. I and II, the procedure 
was devised so as to reduce as nearly to 
zero as possible any “problem-solving”’ 
motivation underlying the response of 
button pressing. Had Ss been given no 
knowledge of the nature of the light 
series, it seems likely that considerable 
button pressing might have occurred 
associated with their attempts to dis- 


was shown 
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cover the patterning of the light flashes. 
Instead, Ss of these experiments were 
given complete knowledge of the sta- 
tistical characteristics of the light series, 
plus orientation trials in which S was 
able concretely to verify what E had 
told him. Thus, once the experimental 
session was begun, Ss understood that 
their responses could not result in addi- 
tional understanding of the patterning 
of the light series. With each button 
press, their uncertainty would be reduced 
only by the presentation of flashes whose 
color had been established randomly. 


Information Concepts Applied to Ex- 
ploratory and Curiosity Behavior 


The results of this study suggest that 
information theory concepts may be help- 
ful in achieving some unification of the 
various related, but somewhat unin- 
tegrated views of exploratory, manipu- 
latory, and curiosity behavior. It seems 
possible that all such behaviors may be 
referred to information motivation or 
drive, i.e., motivation for the reduction 
of uncertainty. Whether the organism 
is motivated by manipulatory incentives 
(Harlow & McClearn, 1954), visual ex- 
ploration (Butler, 1953), maze explora- 
tion (Montgomery, 1954; Montgomery 
& Segall, 1955), the investigation of 
novel stimulus objects (Berlyne, 1955), 
or the investigation of portions of the 
environment in which cue alternation 
has occurred (Kivy, Earl, & Walker, 
1956; Williams & Kuchta, 1957), the 
reduction of uncertainty may be regarded 
as the crucial aspect of the behavior. 
A virtue of the information formulation 
is that it is completely general, and may 
be applied to any performance, to any 
stimulus situation. 

The utility of the informational ap- 
proach seems particularly clear in the 
quantification of the incentive, a problem 
apparently not dealt with previously 
except for a somewhat tangential treat- 
ment in Berlyne’s (1957a) study of per- 
ceptual curiosity. How many units of 
incentive are associated with a mechan- 
ical puzzle? How many with a checker- 
board maze or with a certain period of 
visual exploration? Formal information 
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measures apply, in principle, to each of 
these situations. More importantly, in- 
formation measures may be used in the 
construction of both unidimensional and 
multidimensional incentives which would 
permit more exact tests of many of the 
ideas underlying what is usually referred 
to as exploratory or curiosity behavior. 
Finally, a semantic contribution may be 
made by the information quantification 
of the incentive in that it refers to the 
probabilities of events as viewed by S, 
and may be clearly separated from the 
sheer physical fluctuation of stimulus 
categories. Heretofore both aspects of 
incentive tended to lumped 
together confusingly under terms 


have be 
such 


as novelty or stimulus variability. 


SUMMARY 


This study examined the hypotheses that 
information deprivation functions as a moti- 
vational variable and that information-de- 
prived Ss will execute, with increasing fre- 
quency, instrumental responses which cause 
increasing amounts of information to 
introduced into the environment 

College Ss served in a conditi-n of informa- 
tion deprivation produced by isolation in 
lightproof chambers for 8- or 12-hr. periods. 
In Exp. I, they were allowed to press, when- 
ever they wished, a button which caused 
patterned series of lights to appear in the 
ceiling. The Ss received a different degree 
of relative information in the light series on 
each of 4 experimental days. Response 
was found to be an increasing linear function 
of hours of deprivation, with a slight decre- 
ment in response in the last quarter of the 
8-hr. session. Response did not show a 
significant relationship to the information 
values of light series. 


be 


In Exp. II, designed to provide a more 
sensitive test of that relationship and to 
further explicate the motivational variable, 
Ss were run over a single 10-hr. period, with 
a “cafeteria” selection of the light 
made possible by a dial which be 
readily manipulated in the dark. One group 
of Ss was allowed access to the dial after a 
delay of 1 hr., a second group after 5 hr. 
Response was shown to be a highly significant 
increasing monotonic function of the informa- 
tion values of light series. The 1-hr. and 5-hr. 
groups were shown to have different trends in 
response over hours, which was interpreted as 
support for a drive formulation of information 
deprivation. 


series 
could 
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RESPONSE PROBABILITY IN A TWO-CHOICE LEARNING 
SITUATION WITH VARYING PROBABILITY 
OF REINFORCEMENT! 


ROBERT H. HICKSON ? 


Indiana University 


An asymptotic matching theorem 
from statistical learning theory states 
that the mean asymptotic probability 
of a response is equal to the prob- 
ability that the response is reinforced 
(Estes & Straughan, 1954). This 
prediction has been confirmed for 
several experimental situations where 
a fixed probability of reinforcement 
has been employed for each response 


alternative (e.g., Brunswik, 1939; 
Estes & Straughan, 1954; Grant, 
Hake, & Hornseth, 1951; Lauer & 
Estes, 1954). Estes (1957) has re- 


cently extended the asymptotic match- 
ing theorem to include cases of vari- 
able probability of reinforcement. 
The purpose of the present study is 
to test this theory for the special case 
in which probability of reinforcement 
(1) approaches an asymptote expo- 
nentially. Intuitively, it would seem 
reasonable to suspect that as 7 
changes for two or more response 
alternatives the organism will, more 
or less gradually, adapt his response 
stratagem to the change in z schedule. 
Furthermore, although we might pre- 
dict asymptotic response probabili- 
ties equal to m and 1 — =z in a two- 
choice situation, we should perhaps 
expect a “‘‘lag’’ in response probabili- 

1 This study is based upon a portion of a 
dissertation submitted to the Graduate 
School of Indiana University in partial ful- 
fillment of the requirements for the PhD 
degree. The writer would like to express his 
appreciation to W. K. Estes, who directed 
the research. The experiment was conducted 
at Defence Research Medical Laboratories, 
Toronto, Canada 

2 Now at University of Arkansas, Fayette- 
ville 


ties behind the changing 7 and 1 — z 
values. These two notions of gradual 
adaptation to the changing 7 value, 
and a “‘lag’’ of response probabilities 
behind w are exactly predicted in 
Estes’ (1957) theory. 


Ramond (1954), using a two-choice 
bar-pressing apparatus similar to the 
one used in the present experiment, 
found that for rats on 22-hr. food dep- 
rivation the choice 
form from _ typical selective 
curves in that it reached a maximum 
and then slowly declined. With fixed 
m values of .67 for one bar and .33 for the 
other bar, Ss developed a significant 
preference for the .67 bar, and in fact 
reached response probabilities of greater 
than .80 to the more frequently reinforced 
bar before beginning to decline. As elab- 
orated by Ramond (1954), Spence’s 
model (1956) for the forced-choice situa- 
tion predicts that response probability 
to the more frequently reinforced bar 
would, at maximum, exceed the prob- 
ability of reinforcement before declining 
to approach chance. On the other hand, 
statistical learning theory predicts that 
response probability to the more fre- 
quently reinforced bar would approach 
w exponentially. 


curve differed in 


learning 


Since there is no em- 
pirical evidence to support either theo- 
retical model in either a forced-choice or 
correction situation where varying 7 is 
employed with rats, both the forced- 
choice and correction procedures were 
used in the present experiment. 


The specific purposes of this study 
were: (2) to test two predictions of 
Estes’ statistical learning theory for 
the special case of varying probability 
of reinforcement (7) in which 7 ap- 
proaches an asymptote exponentially ; 
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viz., the predictions concerning learn- 
ing rate and terminal response prob- 
ability; (6) to compare response 
probabilities obtained under two dif- 
ferent procedural conditions; viz., a 
correction procedure and a_ forced- 
choice procedure; and, (c) to test the 
effect upon subsequent learning rate 
and terminal response probability 
of two methods of establishing ini- 
tial response probability; viz., ‘‘pre- 
trained” initial response 
ity vs. “‘assumed’’ initial 
probability. 


probabil- 
response 


METHOD 


Subjects—The Ss were 120 female albino 
rats of the Wistar strain. All Ss were naive 
and between 90 and 110 days of age at the 
beginning of training. 

A pparatus.—Two pieces of apparatus were 
used. The first consisted of a startbox con- 
nected to a 12-in. runway. A _bar-press 
mechanism and food dispenser were at the 
end of the runway opposite the startbox 
The purpose of the apparatus was to establish 
a stable bar-press latency for each S. 

The main apparatus, a two-choice bar- 
pressing chamber connected to a startbox, has 
been described in detail elsewhere (Ramond, 
1954). Briefly, it consisted of a triangular 
response chamber 18 in. across at the rear, 
12 in. deep, and 10 in. high. A startbox led 
into the front apex of the response chamber. 
Che startbox, which was similar to the one 
used in the runway apparatus, was 4 in. high, 
3 in. wide, and 8 in. long. In the two-choice 
chamber either, or both, of the two bars 
could be presented through holes placed near 
the edge of the walls extending from the door 
from the startbox. Raising the metal door 
of the startbox started two Standard Electric 
timers. By pressing a bar ;g in. with a 
pressure of approximately 2 gm. S stopped 
one of the timers; by pressing the other bar 
S stopped the other timer. Through a relay 
circuit the depression of a bar activated a 
solenoid which simultaneously retracted the 
bar and, through a }-in. hole directly below 
the bar, presented a 45-mg. pellet of food in a 
Plexiglas dispenser. A shielded 7-w. bulb 
was located above the bar of the training 
runway and above each bar of the two-choice 
apparatus. The total illumination in the 
two-choice apparatus was such that each bar 
and food dispenser could not be seen by E 
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(nor, presumably, by S) unless the 
above was on. 

Feeding schedule.—All Ss were placed on a 
22-hr. feeding schedule for seven days prior 
to preliminary training in the runway. Each 
day each S was given 8 gm. Purina chow 
mixed with an equal quantity of water and a 
small amount of cod liver oil. The Ss were 
fed in individual cages for 30 min. during the 
same hour each day. 

Runway training.—Subsequent to the 7 
days of 22-hr. feeding schedule training, the 
120 Ss were given 16 days of bar-press training 
in the single bar runway. 
three trials per day. The interval between 
trials during runway and two-choice training 
was 15 sec. 

Pretraining in the two-choice apparatus. 
For each S the dispensation of a food pellet 
from one of the dispensers in the two-choice 
apparatus was designated E,, and from the 
other dispenser as Eo. To 


light 


Each S was given 


counterbalance 
for position tendencies 10 Ss in each group 
were assigned E, to the right dispenser; the 
other 10 Ss were assigned E; to the left dis- 
penser. The probabilities of occurrence of 
the two reinforcing events, E; and Es, 
x and 1 — 2, respectively. The 
available to S were categorized into two 
classes, A; and Ao, the former being responses 
resulting in depression of the bar over the E; 
dispenser, and the latter responses resulting 
in depression of the bar over the E2 dispenser. 

Following the 16 days of runway training 
Ss were randomly assigned to six groups of 
20 Ss each. During pretraining Group C1 
(correction group) and Group F1 (forced- 
choice group) each received 100°% of 


were 
behaviors 


trials 
reinforced to Es, and no reinforcement to E, 
Group C.5 (correction group) and F.5 (forced- 
choice each received 50°, of trials 
reinforced to Es, and 50°, to E Groups 
CN.5 and FN.5 received no pretraining in the 


group) 


two-choice apparatus, but were assumed to 
have equal response probabilities to each of 
the two bars. 

The procedure employed with all correc- 
tion groups for the daily training trials during 
both two-choice procedures was the following: 
S was placed in the startbox; 5 sec. after the 
startbox lid was closed the door leading into 
the two-choice chamber was opened; both 
lights were on and both bars were present. 
If S made an A; response on an E; trial S was 
reinforced for that response and approxi- 
mately 3 sec. later was removed from the 
chamber. If S made an A: response on an E; 
trial the bar was withdrawn and S was per- 
mitted to “correct” his response; that is, S 
was permitted to make an A; response, which 
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was reinforced. The same procedures were 
followed if S made an A» response on an E2 
trial (i.e., reinforced); or, an A; response on 
an E¢ trial (i.e., permitted to correct). Both 
lights were on for the whole time S was in 
the chamber 

rhe procedure employed with all forced- 
choice groups for the daily training trials 
during both two-choice procedures was the 
following: S was placed in the startbox; 5 sec. 
after the startbox lid was closed the door 
leading into the two-choice chamber was 
opened. On E; trials the corresponding light 
was on and the bar was present, whereas the 
light corresponding to Ez was off and the Az 
bar was withdrawn. Similarly, on E¢ trials 
the corresponding light was on, and the Az 
bar was present whereas the light correspond- 
ing to E; was off and the A; bar was with- 
drawn from the chamber. The response 
choice of S, therefore, was forced according 
to the experimental selection of E; and E2 
trials. On all daily training trials for all Ss 
in the forced-choice groups only one light was 
on and only the bar corresponding to that 
light was present. 

For each S response probabilities for each 
bar-press response were evaluated by pre- 
ceding the three training trials of a given day 
with a test trial. On these single test trials, 
for all groups which were given pretraining, 
both lights were on and both bars were 
present. On all test trials each S was rein- 
forced for either response, A; or Ae, and 3 sec. 
later was removed from the apparatus. Test 
trials were given on alternate days only. 
During pretraining test trials were given on 
Days 2, 4, 6, 8, and 10. The test trial was 
followed immediately by the three daily 
training trials. 

Varying x procedure.—After establishing 
stable A; and A» response probabilities for 
the four groups which received pretraining in 
the two-choice apparatus, all six groups were 
given 30 days of training in the two-choice 
apparatus under conditions of varying -. 
For all groups # was varied according to the 
function r=a+cb", where a=.67, c= —.20, 
and b = .85. The reinforced side was estab- 
lished randomly for each trial according to the 
x value appropriate for that trial. No 
attempt was made to smooth the resulting + 
function for each S or each group. The Ss 
in Groups Cl, C.5, and CN.5 (correction 
groups), and in Groups F1, F.5, and FN.5 
(forced-choice groups) were each given three 
daily trials according to the methods pre- 
viously prescribed for correction and forced- 
choice procedures. The method employed 
for evaluating response probabilities for each 
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bar-press response during the varying  pro- 
cedure was identical with the method em- 
ployed during pretraining: beginning with 
Day 2, and on alternate successive days, a 
test trial preceded the three daily trials. 


RESULTS 


Runway latencies and 6 estimates. 
An analysis of variance showed no 
significant difference among groups 
in the asymptotic response speeds 
attained during runway training 
(F = .51, df = 5/114). The analysis 
was performed on the last six trials 
of runway training. It was assumed 
that any variation attributable to 
runway training which transferred to 
the two-choice situation was equally 
represented in all six experimental 
groups. The analysis showed a signifi- 
cant difference among trials (F=8.61, 
df = 5/570) and it was concluded that 
the groups of Ss had not reached 
stable asymptotic response speeds. 

A parameter @ was evaluated for 
each group by substituting the run- 
way latency data into an equation 
described by Estes (1959, p. 394), 
and solving for 6. The equation re- 
lates mean latency to h (the minimum 
time required to execute a response ; 
which in this experiment was the mean 
for each group of the shortest latency 
during runway training for each S 
for each block of three daily trials), 
and n, the number of reinforced trials. 
A @ value was calculated for each 
block of three daily trials and the 
mean @ value computed for the 16 
blocks of trials for each group of Ss. 
The @ value obtained for each group 
was :C1=.093; F1i=.079; C.5=.067; 
F.S5=.101; CN.5=.113; FN.5=.064. 

Two-choice pretraining.—The results 
of pretraining are shown in Fig. 1, 
which shows the percentage choice of 
A, responses on test trials. Five test 
trials were given during pretrain- 
ing before it was decided that Groups 
Ci and F1 had reached the re- 
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Fic. 1. Percentage choice of A; responses on 


test trials during pretraining. 


quired response probability level of 
approximately zero for A; responses. 

Variable «x procedure-—The two- 
choice behavior for the six groups 
is shown in Fig. 2, which shows per- 
centage choice of A; responses on 
test trials for the three correction 
groups and for the three forced-choice 
groups. It is apparent that Ss in 
Group C1 gradually shifted from a 
small percentage of A; responses to a 
terminal level between 60 and 70%. 
Similarly, Ss in Groups C.5 and CN.5 
gradually shift percentage Aj; re- 
sponses to the asymptotic probability 
of reinforcement. However, it is 
obvious that all forced-choice groups 
reach response probabilities far in 
excess of the maximum z value before 
eventually declining to approximate 
the appropriate 7 value. 

Theoretical predictions.—An equa- 
tion has been provided (Estes, 1957, 
Eq. 2C) which relates response prob- 
ability to the number of trials, the 
slope parameter 6, and the constants 
employed in the variable + function. 
The adequacy of this theoretical func- 
tion in predicting the performance of 
the correction and forced-choice groups 
on test trials is shown in Fig. 2. The 
three smooth functions shown in Fig. 
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2 describe the theoretically predicted 
percentage of A; responses during the 
varying mw procedure for the three 
correction groups. The top function 
(the first to reach asymptote) de- 
scribes the predicted learning rate and 
asymptotic response probability for 
Group CN.5. The middle function 
and lower function describe the pre- 
dicted learning rate and asymptotic 
response probability for Groups C.5 
and C1, respectively. It is clear from 
Fig. 2 that the predicted learning 
rates and terminal response probabili- 
ties close agreement with 
empirically obtained results for the 
three correction groups. Since the 
forced-choice groups shown in the 
lower part of Fig. 2 all reached 
response probabilities substantially 
above the maximum level (.67) pre- 
dicted by the detailed 


are in 


theory no 
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on test trials during varying probability of 
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rABLE 1 


MEAN A; RESPONSE PROBABILITIES FOR LAST 
Two BLocks oF THREE TEst TRIALS 


Grot 
Blocks , 
of 3 
Trials P “ 3 omen 
Cl Fi es F.5 CN.S FN.S5 
} 70 | .67 .67 .70 58 .68 
5 67 72 61 .68 62 63 


comparison was made of theoretical 
and empirical curves for these groups. 

Group  differences—Analyses _ of 
variance were performed for 
parisons among groups during the 
varying m procedure. For each of 
these analyses the number of A, re- 
sponses for each S was computed for 
each of three blocks of five test trials. 
This grouping of responses permitted 
a “between-within” type of analysis. 

A comparison of Groups C1 and F1 
showed significant between-group dif- 
ferences (F = 11.77, df = 1/38). For 
groups having zero probability of A, 
(pA, =0) at the beginning of the vary- 
ing z procedure there is a difference in 
acquisition of A; responses as a func- 


com- 


tion of forced-choice and correction 
procedures. 

A comparison of Groups C.5 and F.5 
showed significant between-group dif- 


ferences (F = 7.48, df = 1/38). This 
indicates that for groups having 
“pretrained’” pA; = .5 there was a 


significant difference in acquisition of 
A, responses during varying 7 as a 
function of forced-choice and correc- 
tion procedures. Similarly, for Groups 
CN.5 and FN.5, which were not given 
pretraining but were assumed to have 
initial pA; = .5 at the beginning of 
the varying m procedure, there was a 
significant difference between groups 
(F 5.47, df = 1/38). 

Comparisons of pretraining and no 
pretraining procedures 
significant 
two 


showed no 
between the 


groups (F = 3.46, 


difference 
“correction” 
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df = 1/38), or between the two ‘‘forced- 
choice” groups (F = 0.92, df = 1/38). 

Table 1 shows pA, for each group 
on the last two blocks of three test 
trials. Since r = .67 (approximately) 
for daily training trials corresponding 
to the two blocks of three test trials, 
the expected value of pA; = .67. No 
statistical test was available to com- 
pare expected and obtained prob- 
abilities for each group but the ob- 
tained probabilities appeared to be in 
good agreement with the theoretically 
predicted value of .67. 

Table 2 shows pA, for each group 
on the last 10 test trials of the varying 
mx procedure. The table the 
number of Ss in each group exhibiting 
each of the possible values of pA. 
The table shows a tendency for some 
Ss in the forced-choice groups to 
elicit pA; = 1 on these test trials. 
However, no Ss in the correction 
groups show this tendency and it 
appears that Ss in these groups were 
approximately normally distributed 
around wr. The choice data for the 
correction groups on the last five days 
of three daily training trials was also 
examined for tendencies to pA; = 0 
or 1, but since this data was in agree- 
ment with that reported above for 
test trials for correction groups it is 
not reported. 


shows 


TABLE 2 


PROBABILITY OF A; RESPONSES (pA;) ON Last 
10 Test TRIALS DURING VARYING 
mw PROCEDURI 


Number of Ss Showing pA 


Group |——-—— — 

0.0} .1|.2|.3).4| 5] .6].7].8|.9 | 1.0 
C1 1) |1]/5|12/ 1 
Fi 1 4\6\4\/4/1 
CN.5 | 2 2 x 6 2 
FN.5 I 313/7/3}2)1 
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DISCUSSION 

The primary 
study 
Estes’ statistical learning theory for the 
special case of changing probability of 
reinforcement (7) in which # approaches 
an asymptote exponentially; viz., the 
predictions concerning learning rate and 
terminal response probability. The equa- 
tion describing these predictions has been 
provided elsewhere (Estes, 1957, Eq. 2C). 
Two distinct results were obtained during 
the varying mw procedure: (a) the cor- 


purpose of the present 
was to test two predictions of 


rection procedure groups performed in 
good agreement with the theoretically 
predicted values, and (6) the forced- 
choice procedure groups far exceeded the 
response probabilities predicted by the 
theory during the early trials of the 
varying m7 procedure. 

Learning curves.—As shown in Fig. 2 
the predictions concerning learning rates 
for the three correction groups were in 
close agreement with the empirically 
An inference from the 
theoretical equation is that, during the 
early course of learning there should be a 
‘lag’ in response probabilities behind 
the corresponding 7 values. 


4 
obtained results. 


For ex- 
ample, the value of 7 on Trial 19 is 
approximately .66. Given a @ value of 
.067 (the value for Group C.5) the theo- 
retical equation predicts pA; = .59 on 
Trial 19. A similar lag was predicted for 
other trials. Since the learning 
rate predictions were in close agreement 
with the results for the three correction 
groups, it may be inferred that there was, 
in fact, a “lag’’ of response probabilities 
behind the corresponding 7 value 

The difference 


curves for the 


ear®ri\ 


the learning 
and forced- 
choice groups emphasizes the importance 
of the fact that it is not simply the num- 
ber of reinforced trials for a particular 


between 
correction 


response that is important in predicting 
learning rates, but manner in 
which the Ss are permitted to sample 
the stimulus situation. 


also the 


Apparently the 
statistical learning model is adequate to 
describe learning rates when Ss are sub- 
jected to a correction procedure. Spence’s 


model (1956) predicts that response prob- 


1 


ability to the more frequently reinforced 
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would, at maximum, exceed the 
probability of reinforcement before de- 
clining to approach chance. Although 
it makes no specific predictions for cases 
of variable z, or for situations where a 
correction procedure is employed, the 
Spence model appears to describe the 
early course of acquisition for two-choice 
learning when a forced-choice procedure 
is used. 


bar 


Terminal response probabilities.—Ac- 
cording to the theoretical equation the 
predicted terminal response probability 
for each group will be the asymptotic 
value of 7; in this case .67. From an 
examination of Fig. 2 and the data given 
in Table 1 it may be inferred that all 
groups reached substantially the same 
terminal response probability and that 
this value 
asymptotic value of 7. 


closely approximated the 
Although these 
data substantiate the matching predic- 
tion, the forced-choice groups shown in 
Fig. 2 may not have reached asymptote 
and it appears that further training might 
have produced a continued downward 
trend. Furthermore, the interpretation 
of the forced-choice test trial behavior 
is complicated by the fact, as shown in 
Table 2, that some forced-choice Ss have 
tended to pA, = 1. This clustering of 
responses to one alternative or the other 
is similar to the behavior obtained when 
a “noncorrection”’ procedure is employed 


(Hickson & Carterette, 1955; Meyer, 
1960; Wilson & Rollin, 1959). 
Pretraining vs. no pretraining.—The 


third prediction was that there would be 
no difference in rate of learning or ter 
minal response probability during the 
varving @ procedure groups 
having ‘trained’ or ‘‘assumed”’ initial 
response probabilities. No differences 
fact, found among 
groups or among forced-choice groups 
which had “trained” or “‘assumed”’ ini- 
tial response probabilities. The implica- 
tion of this finding for statistical learning 
theory is that, for the two-choice situa 
tion at least, 
independence of initial response prob- 
ability and @ is valid in the sense that a 
given initial response probability 
the same role in determining the form 


between 


correction 


were, in 


the assumption of the 


plays 
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of a subsequent learning curve regardless 
of whether it was established by pre- 
vious training inside or by factors outside 
of the given experimental situation. 


SUMMARY 


An experiment tested the adequacy of the 
following predictions from Estes’ statistical 
learning theory: (a) a function derived from 
the theory would adequately describe rate 
of learning and terminal response probability 
in a two-choice situation in which probability 
of reinforcement was varied according to an 
exponential function; (b) there would be no 
difference between “correction” 
choice” 


and “‘forced- 
groups; and (c) there would be no 
difference between groups having ‘‘trained”’ 
and “assumed” initial response probabilities. 

The Ss, 120 female albino rats, were given 
bar-press training, with food reinforcement, 
in a runway to establish stable bar-press 
latencies. They were then assigned to six 
equal groups. Four groups were given pre- 
training trials is a two-choice apparatus with 
two conditions of training and of 
probability of reinforcement; the remaining 
two groups were given no pretraining. Fol- 
lowing this, all groups were given three trials 
per day for 30 days in the two-choice appara- 
tus with probability of reinforcement chang- 
ing over trials according to an exponential 
function from .50 to .67._ Thus, Ss that had 
received no reinforced trials to one bar during 
pretraining were now reinforced on from 50% 
to 67° of trials for that bar-press response, 
and 50% to 33% for the previously reinforced 
response; Ss that had 50% of pretraining 
trials reinforced to each bar were now rein- 
forced on 50° to 67% of trials for one bar- 
press and 50°, to 33% for the 
other bar-press response. 


one of 


response, 


For the training series with varying prob- 
ability of reinforcement, the predictions con- 
cerning learning rates for the three correction 
groups were in close agreement with the 
obtained results. The behavior of the three 
forced-choice groups did not confirm theo- 
retical predictions concerning the slope of the 
acquisition curve. However, all groups 
appeared to substantiate the prediction that 
asymptotic response probability should match 
asymptotic reinforcement probability. No 
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differences were found between groups having 
“trained” and “assumed” initial 
probabilities. 


response 
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VERIDICAL PERCEPTIONS OF CYLINDRICALITY: 
A PROBLEM OF DEPTH DISCRIMINATION 
AND OBJECT IDENTIFICATION ! 


PATRICIA CAIN SMITH anp OLIN W. SMITH 


Cornell University 


The experimental literature reads 
as if the topics of perceived form and 
perceived depth were independent and 
unrelated. This is true in one respect 
since the research on perceived forms 
is principally the study of plane 
figures while the research on perceived 
depth includes a host of problems 
related to the depth experience. In 
everyday life, however, man perceives 
the familiar objects which constitute 
his everyday environment, and these 
perceptions involve depth and form 
concomitantly. The two aspects of 
perception may be reported separately 
by an O, but in many cases perceived 
depths are necessary for veridical per- 
ceptions of the shapes of objects. 
For instance, a sphere that is illumi- 
nated only on the side away from O 
is perceived as a flat circular disk. 
When fully illuminated, a sphere 
is perceived; perception is veridical. 
The demonstration that 
criminable differences in depth on a 
surface are necessary for veridical 
perceptions of at least one class of 
objects. 


shows dis- 


The purposes of the observations 
to be reported here were: (a) to deter- 
mine whether the stimuli 
for perceived depths over surfaces 


some of 


1QOur thanks are due to A. E. Michotte 
for sponsoring and providing space for this 
research, and to members of the laboratory 
of The University of Louvain for their 
countless observations. The study was sup- 
ported in part by: The Psychological Labora- 
tory of Louvain, the Belgian American Educa- 
tional Foundation, and Contract Nonr-401 (14) 
between Cornell University and the Office of 
Naval Research. 
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were sufficient for veridical percep- 
tions of the full convexity of a cylin- 
drical surface in the absence of views 
of the lateral edges of the test object, 
a semicylinder (a semicylinder was 
used as the test object since stimuli 
for depth are difficult to 
on spherical surfaces while easily 
varied on cylindrical surfaces); (b) 
the relative 
surface stimuli for depths alone with 
their potency in with 
views of the edges of the cylinder as 
stimuli for veridical perceptions of the 
shape of the object. 


control 


to compare potency ol 


conjunction 


The veridical judgment of three- 
the 
man 
perceives veridically the three-dimen- 
sional shapes of the familiar objects 
The 
sufficiency of various stimuli for mere 
impressions of depth has been ade- 
quately Reports of 
degrees of curvature less than those 
for full cylindricality are therefore of 
little theoretical or practical impor- 
tance; the determination of conditions 
for veridical judgments of shape is 
more interesting and relevant to 
problems of perception of daily life. 
Two different modes for designating 
stimuli for depth are currently in 
The first mode is composed 


dimensional shape was set as 
criterion since we assume that 


of his everyday environment. 


demonstrated. 


vogue. 
of the terms for the traditional monoc- 
ular and binocular cues for depth (for 
a recent listing see Dember, 1960). 
The second mode was proposed by 
Gibson (1950) and consists of gradi- 
ents of optical texture. No suitable 


taxonomy exists for classifying the 
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different optical textures which may 
serve as stimuli for impressions of 
depth and judgments of shape. The 
categories of the traditional taxonomy 
will therefore be used for naming the 
stimuli which were investigated. The 
following were investigated: 
linear perspective, interposition, light 
and shade, texture, form transforma- 
tions, monocular movement parallax, 
and binocular disparity. Distance of 
observation was varied. The edges 
of the test object, a horizontal semi- 
cylinder, could be obscured or exposed 
to view, thus permitting control of its 
lateral contours independently of the 
stimuli for depth on the surface of 
the cylinder. 


“cues” 


METHOD 


[he apparatus has been described pre- 
viously (Smith & Smith, 1957). In brief, a 
semicylinder (one half of a kymograph drum, 
radius 7.96 cm., length 16.2 cm.) was mounted 
with its long axis horizontal. The O's line of 
regard (right eye for monocular, and cyclo- 
pean eye for binocular, observation) inter- 
sected the curved surface at the coincidence 
of the horizontal and perpendicular bisectors 
of the surface. Baffles, adjustable for either 
monocular or binocular observation, could 
be adjusted so as to show or to hide the lateral 
edges of the cylinder, but included a narrow 
strip above and below the cylinder behind 
which a uniformly gray ground was seen. 
Patterns (inked or three-dimensional) were 
placed on white paper jackets which were 
fitted to the 180° exterior of the cylinder 
facing O. A plain, white, unmarked jacket 
reflected to O's eye(s) light of equal intensity 
(0.12 ft-L) from all portions of its visible 
surface except when otherwise noted. All 
observation excluded views of the lateral 
edges of the cylinder except as noted. The 
cylinder could be rotated on its horizontal 
axis. When static or in motion and covered 
with the plain white jacket the surface was 
judged to be flat by all Os. When in motion 
a flat surface appeared to expose or wipe out 
a gray field in the same plane as the surface. 
This demonstration proved that whatever 
curvature was reported was due either to the 
stimuli for depth placed on the jackets or to 
views of the lateral edges of the cylinder in 
conjunction with surface stimuli for depth. 
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The Os were seven members of the labora- 
tory at the University of Louvain. Each was 
instructed to report verbally what he saw in 
the test area as well as its shape. When O's 
reports required clarification, he drew pictures 
of what he saw. For any one test pattern O 
could observe as long as he wished. His head 
was correctly positioned before each view, 
and a shutter controlled by E permitted 
observation only when the head was correctly 
positioned. Unless otherwise noted all ob- 
servations were binocular and were made at 
116.3 cm. from the front center of the surface 
of the cylinder. All Os had periodic unre- 
stricted views of the cylinder so as to reinforce 
their standard for judgment of cylindricality. 


RESULTS 
Linear Perspective 


Linear perspective (LP) is com- 
monly called a cue for depth. Its 
effectiveness as a cue has been known 
for centuries as demonstrated by the 
excellent reversible perspectives found 
in the Temple of Apollo at Pompeii, 
but little is known about LP as a 
stimulus for perceptions of curvature. 
The stimulus was investigated by 
varying the location, number, and 
width of lines placed on jackets so as 
to appear to be encompassing the 
cylinder from top to bottom when 
the jackets were affixed to the semi- 
cylinder. 


Jacket 1.—A line 0.5 mm. wide en- 
circled the circumference of the semi- 
cylinder at its horizontal midpoint. 
When observation was monocular, the 
surface was reported by all to appear 
to be completely flat. With binocular 
vision slight curvature of the surface 
was reported by some Os, but these 
judgments were consistent neither within 
nor between Os. 

Jacket 2.—The width of the center line 
was gradually increased to 2.5 cm. for 
both monocular and binocular views. 
Some curvature was reported by all Os 
with monocular views, but a greater 
degree of curvature was reported by all 
Os with binocular views. No judgments 
were obtained of full cylindricality. At 
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best, the center front horizontal portion 
of the area seemed to be flattened, while 
the top and bottom limits of the cylinder 
appeared to extend parallel to the line 
of sight. 

Jackets 3 and 4.—Increases in the 
width of the center line in steps of 0.5 cm. 
beyond 2.5 cm. resulted in judgments of 
less curvature by all Os. The optimal 
visual angles to be subtended by a solid 
line for the discrimination of the curva- 
ture of a cylinder remain to be investi- 
gated. These visual angles, when deter- 
mined, will probably vary with the radius 
of the cylinder. 

Jackets 5—12.—Inked bar lines 
centered on the cylinder. The widths 
of these bar lines varied in steps of 0.5 
cm. from 1 cm. to 2.5 cm. For each bar 
line there was a pair of narrow (0.5 mm. 
in width) lines which enclosed the same 


were 


area and were correspondingly positioned 
on the cylinder on separate jackets. 
Judgments of curvature induced by the 
bar lines were compared with judgments 
of curvature induced by corresponding 
pairs of parallel lines. In all comparisons 
the solid bar lines were more effective and 
yielded reports of greater curvature. 
Jacket 13.—Two vertical 1-mm. lines 
were placed so as to obtain the maximal 
possible horizontal 


cylinder. 


separation on the 
They were judged to be curved 
and to ‘‘toe in” 
the surface on 


at either end although 
which they 
This 


were seen 


was reported flat. demonstrates 


that parallel lines which recede in depth 


from O-do not necessarily induce 


ceptions of depth. 


per- 
Geometrically, per- 
spective was present, but in the absence 
of stimuli sufficient for perceived curva- 
ture of the surface, the lines were judged 
as curved, a response appropriate for the 
proximal stimuli, but not for the distal 
stimuli. This class of result is not un- 
common in studies of size constancy. 
Jackets 14-17.—\-Two, 13, 27, and 54 
vertical 1-mm. lines were evenly dis- 
tributed over the horizontal extents of 
separate jackets. No veridical judg- 
ments were reported. Even with the 54- 
line jacket the horizontal middle of the 
cylinder appeared to be flattened. Veri- 
dical judgments were reported by all 
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Os for both the top and bottom of the 
cylinder where the physical changes in 
depth were relatively greater per unit 
of visual angle than in the center. 
this may 
effective 


From 
that LP is an 
veridical 


be concluded 
stimulus for percep- 
tions of changes in depth over surfaces 
where depth differences in terms of visual 
angles are fairly rapid. 


Texture 


The vertical lines minimized the 
effects of texture in the optic array. 
Lines in the vertical dimension were 
therefore replaced by columns of dots 
so as to maximize texture and its 
packing density in the optic array 
as a function of receding surfaces 
from O. 


Jacket 18.—Five round dots 0.5 mm. 
in diameter with equal vertical separa- 
tions were placed in line on the center 
vertical of the cylinder. The Os reported 
the dots as aligned, but without the 
phenomenal continuity characteristic of 
a line. No curvature was reported. 

Jacket 19.—Seven similar dots distri- 
buted as above yielded the same results. 

Jacket 20.—The diameters of the dots 
of Jacket 19 were increased to 5 mm. 
The spots appeared to be a line to all 
Os and curvature of the 
was reported. 

Jackets 21-23.—The diameter of the 
dots was held constant at 5 


some surface 


mm. while 
two columns were presented in which 
the number in each was increased until 
25 were aligned vertically and parallel 
to a second line of 25 dots. Two centi 
meters separated the interior edges of 
the two lines which were centered on the 
cylinder. Two parallel lines of dots were 
only slightly more effective than a solid 
line, 3 cm. wide. 

obtained. 


Veridical judgments 
were not Monocular views 
always resulted in less apparent curva 
ture than did binocular observation. In 
this case the combination of binocular 
disparity, LP, accommodation, conver- 
gence, and texture sufficient 
for veridical judgments of the shape of 


the cylinder. 


was not 


These results indicate that 
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the gradient theory of optical texture 
may be geometrically exact, but 
chologically insufficient for accounting 
for veridical perceptions of shape in all 
Optical and its 
gradients are sufficient under some condi- 
tions for perceptions of depth and may 
therefore be called cues in the same sense 
that parallel lines which induce impres- 
sions of depth are designated as the cue 
of LP. 

Vertical parallel lines were sufficient 
for veridical judgments of the shape of 
the test surface at the top and bottom 
of the cylinder even though the center 
of the space appeared to be flattened. 
The consequent hypothesis that 
curvature reported in any one part of 
the cylinder is independent of curvature 
reported for other parts. 

Jacket 24. 
tested by placing 11 vertical lines, 1 mm. 
wide, 3.0 cm. long with horizontal sepa- 
rations of 1.5 cm., at both the top and 
bottom of the cylinder. Each line at 
the bottom was in line with a correspond- 
ing line at the top. Compelling impres- 
sions of curvature were induced at both 
extremes for all Os, but the intermediate 
area joining the apparently curved areas 
was reported as flat by all. 

Jackets 25-29. 
the top and bottom were progressively 
lengthened on separate jackets until 
only a narrow, horizontal strip in the 
center of the cylinder, 3.0 cm. high, 
prevented closure of the lines. This 
narrow strip was judged to be com- 
pletely flat by all Os. The absence of 
stimulation for depth resulted in reports 
of apparent flatness of the surface, and 
this in turn caused an apparent change 
of direction of the surface to the frontal 
parallel. 

Koffka (1935, p. 153) states that the 
gestalt law of good continuation is 
applicable to curved lines. 


psy- 


situations. texture 


was 


The above hypothesis was 


The same lines at both 


This law is 
inapplicable to the curved lines defining 
curved surfaces in perception. The law, 
if functional, may be appropriate to 
curved lines on plane surfaces where the 
curvature of a line may be identified 
independently of the form of the surface 
on which it exists. 
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Density of Texture 


Gradients of texture in the optical 
array are an invariant function of 
perspective geometry when surfaces 
receding in distance from O are viewed 
by O. Since the gradients always 
exist they are potentially descriptions 
of light in the optic array as reflected 
from diverse collections of objects 
such as leaves, people, trees, and 
sandy stretches. Gibson (1950) pro- 
posed optical texture as an effective 
stimulus for recession of a surface 
(apparent depth). In addition to 
being a cue for apparent depth, are 
optical textures also sufficient for 
veridical judgments of cylindricality ? 
The displays to be described resulted 
in samples of some but not all optical 
textures. 


Jacket 30.—Horizontal and _ parallel 
lines, 0.5 cm. wide and separated ver- 
tically by 2 cm. covered the cylinder. 
This type of optical texture minimized 
the effects of binocular disparity. Judg- 
ments varied and within Os. 
Some would report some curvature, and 
then report stairsteps on the ascending 
side (top) of the cylinder. 


between 


The percep- 
tions were unstable except in the case 
of one O, 
“fairy stairsteps.”’ 

Jacket 31. 
spaced 


who consistently reported 
The number of equally 

horizontal was doubled. 
curvature was reported by all, 
but the center of the cylinder appeared to 
be flat. The staircase effect was still ob- 
tained, but less frequently. 


lines 
Some 


No veridical 
reports of cylindricality were obtained. 

Jacket 32.—Horizontal rows of dots, 
0.5 mm. in diameter and separated ver- 
tically by 1 cm. were presented so as to 
increase the effects of binocular disparity. 
The dots were haphazardly spaced on 
the minimize the 
appearance of vertical alignment. The 
staircase effect was not obtained, and all 
Os reported curvature, but no 
veridical judgments. The cylinder also 
appeared to be flattened in the middle. 
More curvature was reported with the 


horizontal so as to 


some 
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dotted lines than when they were 
solid, demonstrating effects of binocular 
disparity. 

Jacket 33.—LP was enhanced by crea- 
ting columns and rows of 1-mm. dots 
separated by 1 cm. Some, but incom- 
plete, curvature was again reported. 

Jackets 34—39.—The position and num- 
ber of dots were held constant while 
their diameter was increased to 5 mm. 
This resulted in an increase in apparent 
curvature for all Os. When the dots 
were enlarged to about 7 mm. in diam- 
eter, however, the apparent curvature 
had seemingly reached a maximum, and 
a further increase in spot diameter to 
1 cm. resulted in less reported curvature. 

The size of the dots was then held 
constant at 5 mm. in diameter while their 
density was varied. On each of a series 
of jackets the dots were uniformly dis- 


tributed, but with no apparent order 
with respect to vertical or horizontal 
alignments. Dots separated from adja- 


cent dots by an average of 1 cm. always 
resulted in the appearance of more curva- 
ture than did dots separated by only 
1 mm. 

Several factors seemed to be function- 
ing in determining the degree of reported 
curvature or its equivalent, the amount 
of depth that was judged. The size 
and number of dots per unit of visual 
angle seemed to be interacting with the 
physical extent in depth of the surface 
per unit of visual angle. The interactions 
which result in optimal judgments need 
to be determined empirically. In the 
above different 
optical textures, binocular disparity, 
LP, accommodation, and convergence 
in combination were not sufficient for 
veridical judgments of the shape of the 
cylinder. 


series of observations 


Form Transformations 


The form transformations of both 
regular and haphazardly arranged 
circular dots were ineffective for verid- 
ical judgments as described above. 
It was hypothesized that the trans- 
formations of rectangles to trapezoids 
might be more effective. 
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Jacket 40. 


2 cm. 


Rectangles 1 cm. wide and 
long were arrayed in vertical 
columns lengthwise. The columns were 
separated horizontally by 1 cm., and 
the width of lines was 0.5 mm. Clear 
impressions of curvature were reported, 
but in all cases these did not approximate 
the true shape of the surface. 


Inter position 


Jackets 41-42.—Irregular cardboard 
inserts were placed in slits in the jackets 
so that the plane of each insert 
perpendicular to the 
cylinder. 


was 
surface of the 
Both high and low frequencies 
of interposed forms were used. Inter- 
position was sufficient for valid judg- 
ments of relative depth, that is, one 
insert could be judged as being in front 
of another, but little curvature of the 
form itself was reported. 


Light and Shade 


Gross differences in brightness of 
light reflected to the eye from the 
jackets were introduced for all jackets 
so far described. Differences in 
brightness on the surface of plain, 
white, unmarked jackets did not 
result in judgments of curvature. 
Differences in brightness in conjunc- 
tion with patterned surfaces had, in 
general, the effect of increasing the 
degree of reported curvature, but 
these effects were not uniform. The 
pattern composed of rectangles in 
columns seemed to be most affected. 
No veridical judgments resulted from 
the introduction of this cue in con- 
junction with the previously reported 
cases. 


Monocular Motion Parallax 


This cue was tested in conjunction 
with others by rotating all previously 
described patterns during monocular 
observation. No reports of the true 
shape of the cylinder were obtained, 
and substantial increases in perceived 


curvature were not reported. This 
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method of generating monocular mo- 
tion parallax is not typical of the 
manner in which it is usually caused 
in everyday life, since it most com- 
monly results from motions of the 
head. Consequently, these results 
should not be considered as typical 
of those which might be obtained 
from normal motions of the head. 


Combined Factors 


Jacket 43.—A repetitive pattern of 14 
columns of rectangles, each enclosed by 
two vertical parallel lines was tested. 
All lines were 1 mm. wide. The rec- 
tangles were 4 cm. wide by 1 cm. long. 
A vertical line 3 mm. long connected 
the center of the top of each rectangle 
to the center of the bottom of the rec- 
tangle above it. The parallel lines were 
separated by 14 mm., and the long side 
of each rectangle was 2 mm. from the 
near side of one of the parallel lines. 
Good contrasts in brightness (light and 
shade) existed on the jacket. Veridical 
judgments were obtained from all Os. 
In this situation there were good LP, 
form transformations, binocular dis- 
parity, light and shade, texture, accom- 
modation, convergence, but no _ inter- 
position or motion parallax. The dis- 
tance of observation was then increased 
to 232.6 cm., and the surface no longer 
appeared to be cylindrical, but. still 
appeared to be curved. The distance 
of observation was then increased to 
348.9 cm., when the surface appeared 
to be flat to all Os. 


Other Veridical Reports 


One O who had had monocular 
vision since early childhood visited 
the laboratory and was tested on the 
textures described in the section on 
LP. She spontaneously and correctly 
judged the shape of the surface when 
5-mm. dots were separated from 
adjacent dots by as much as 1.5 cm. 
This suggests that: (a) an important 
source of individual differences in 
perception is the state of learning of O, 
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and (0) it is possible that any com- 
bination of factors may be sufficient 
as stimuli for veridical perceptions 
when sufficient learning has occurred. 


Knowledge of Shape of Cylinder 


Knowing that the surface to which 
the jackets were affixed was actually 
semicylindrical had no _ detectable 
effect on the appearance of the test 
area. For each series, the reports 
of naive Os were checked against 
those made by the 7 Os of this study. 
No appreciable differences in reports 
were obtained. These comparisons 
also served as a practical control for 
order effects in the large number of 
observations. 


View of Lateral Edges of Cylinder 


Each of the jackets was displayed 
with a wider aperture, so that the 
lateral edges of the cylinder were 
visible. All of the jackets except 1 
and 18 were readily discriminable as 
cylindrical. The full contour was not 
sufficient for veridical judgments when 
the cylinder was covered by a plain 
white jacket. Conversely, in the 
absence of views of the lateral con- 
tours the cues for depth were in most 
instances insufficient for veridical 
reports. Surface cues for depth in 
combination with the lateral and 
vertical outlines of the cylinder were, 
however, consistently for 
veridical reports. 


effective 


DISCUSSION 


The lateral edges of the cylinder in 
conjunction with the surface cues for 
depth were highly effective in inducing 
veridical perceptions of cylindricality. 
The edges of the cylinder were not suf- 
ficient for veridical judgments of its shape 
in the absence of other stimuli for depth. 
They were, however, remarkably potent 
stimuli for the veridical judgment in 
conjunction with stimuli for depth which 
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were not sufficient independently of the 
edges. 

The lateral and horizontal edges clearly 
delineated the cylinder as an object in 
perception with its own edges. This is 
normally the case in everyday life where 
depth is seldom perceived independently 
of three-dimensional objects. In the 
laboratory, however, the custom of the 
single variable experiment has dictated 
that the edges of a test space be defined 
by the edges of apertures. Judgments 
of slant, tilt, rotation, and curvature 
under aperture conditions may represent 
only generalizations by O from complete 
to impoverished stimulation, with the 
consequence that errors of judgments 
should be expected to be in excess of 
those normally expected in everyday life. 
If this is the case, a demonstration that 
variation in stimulation is accompanied 
by correlated responses can result in a 
quantitative science of effects, but these 
effects will qualitative 
predictors of responses in everyday life. 
For instance, given specified gradients 
of optical texture, the prediction should 
be valid that depth will or will not be 
perceived, but knowledge of the effect 
on responses of such gradients in the 
laboratory under aperture conditions 
should not be expected to predict 
the magnitude of errors of responses 
to equivalent gradients encountered in 
everyday life. 

In the absence of stimuli for depth, Os 
reported merely flat rectangles extending 
across the width of the test area. This 
confirmed a prediction by Hochberg and 
Smith (1955) that other things being 
equal, the depth judgment requiring the 
least perceptual information will be the 
one that is made. That flat rectangles 
were perceived in the absence of cues 
for depth is evidence that less perceptual 
information is required for perceiving a 
flat surface than for perceiving a curved 
surface. 

The literature on accommodation, con- 
vergence, motion parallax, and binocular 
disparity as cues for depth is substantial, 
but this literature is rarely relevant to 
the perceived depths required for verid- 
ical perceptions of the shape, slant, or 


serve as only 
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tilt of three-dimensional surfaces. All 
other things equal, common sense dic- 
tates that binocular views of textured 
surfaces should result in better judg- 
ments than monocular views, and this 


‘has been confirmed by Clark, Smith, and 


Rabe (1956) and by Smith and Smith 
(1957). However, that which is known 
about the above cues permits neither 
the prediction of how much better judg- 
ments should be with binocular than with 
monocular views, nor specification of the 
circumstances in which binocular judg- 
ments should be better than monocular 
ones. 

The infrequency of veridical judgments 
of shape of the cylinder when lateral 
contours were occluded might be at- 
tributed to aperture effects which may 
cause a surface to appear to come up into 
the plane of the aperture (Katz, 1935). 
The aperture of this study permitted a 
vertical field of view of 7° 20’ when O 
was positioned 116.3 cm. from the front 
surface of the cylinder. 
larger than the 7° field of Gruber and 
Clark (1956) who found 7° sufficient for 
minimizing the “come-uppance”’ phe- 
nomenon. Aperture effects were there- 
fore not considered to be important in 
our results. 

The report of the monocular O indi- 
cates the possibility that the patterned 
stimuli sufficient for reports of depth as 
well as veridical judgments are those 
patterns which have been learned by Os 
as signifying cylindricality. Should this 
be the case any of the stimuli is poten- 


This field was 


tially effective for eliciting veridical 
judgments. Effectiveness would depend 


upon experience with the particular stim- 
ulus dimension in combination with other 
information concerning cylindricality. 


SUMMARY 


Some of the stimuli for perceived depths 
on surfaces were tested for their effectiveness 
in inducing veridical judgments of cylin- 
dricality. Views of lateral edges of the test 
object were also tested independently and in 
combination with stimuli for depth. The 
stimuli of texture, form transformation, linear 
perspective, accommodation, convergence, 
light and shade, and binocular disparity in 








combination were sufficient for veridic>! per- 
ceptions of the shape of the cylinder. The 
lateral (and horizontal) edges of the cylinder 
alone were not sufficient, but in combination 
with stimuli for depth they were highly 
effective in inducing veridical perceptions of 
the shape of the object. One O who had had 
monocular vision since early childhood re- 
ported the shape of the test object correctly 
in situations in which normally sighted Os 
with binocular views reported lesser degrees 
of curvature. Hence, any of the stimuli for 
depth may be potentially effective for verid- 
ical judgments depending on the status of 
learning of O. 
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COPYING REDUNDANT MESSAGES! 
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Harvard University 


From studies of the recall of non- 
random sequences of English words 
(Miller & Selfridge, 1950), of non- 
sense syllables (Aborn & Rubenstein, 
1952; Rubenstein & Aborn, 1954), 
and of letters of the alphabet (Miller, 
1958), it is quite clear that the rules 
of formation of these sequences greatly 
influence both the amount of material 
and the amount of information which 
can be recovered after a given presen- 
tation of this material. This and 
related work has been summarized 
by Rubenstein and Aborn (1960). 
Several of the above studies were 
designed to test the hypothesis that 
the amount of information proc- 
cessed and retained is invariant under 
changes in the rules of formation; 
that is to say, that the redundancy of 
the material does not affect the 
amount of information processed and 
remembered. This hypothesis was 
not supported. The relation between 
redundancy and the amount of in- 
formation or the amount of material 
processed has not been determined. 

In looking for such a relation, it is 
reasonable to use sequences generated 
by finite state grammars (see Chomsky 
& Miller, 1958; Miller, 1958) since 
both the redundancy of these se- 
quences and S’s_pre-experimental 
experience can be stated precisely. 
Even in these sequences, however, 
the number of parameters involved, 
such as number of alternatives (let- 
ters), number of states, rules of transi- 


1 Part of this work was carried out while 
the author was under the tenure of a National 
Science Foundation Predoctorai Fellowship. 
The author wishes to thank George A. Miller 
for his helpful suggestions and advice. 
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tion, S’s experience, and so on, makes 
a complete exploration of redundancy 
difficult. A start can be made by 
using a relatively simple grammar 
with a small number of alternatives. 
The relation that exists between the 
redundancy of the messages and the 
amount of information processed could 
then be used as a baseline with which 
to compare the results using other 
parameters. 

The present study was designed to 
investigate this relation. However, 
instead of using one of the familiar 
measures of retention to indicate how 
much of the input information had 
been processed, a copying task similar 
to that used by Sumby and Pollack 
(1954) was used. In their study Ss 
copied messages by glancing at dif- 
ferent word-order approximations to 
English, turning away, and writing 
down the material they remem- 
bered. In the present study Ss proc- 
essed information by copying mes- 
sages written in artificial languages of 
varying redundancies. Two experi- 
ments were performed. In Exp. | 
naive Ss were used to determine the 
effect of redundancy on their copying 
behavior. In Exp. II Ss had repeated 
opportunities to become familiar with 
the rules of formation of the various 
languages. The copying behavior of 
these experienced Ss was compared 
with that of the naive Ss. 


METHOD 


Experiment I.—A finite state grammar 
with varying transitional probabilities (see 
Fig. 1) was used to generate strings of sym- 
bols of four redundancies: 53.3%, 75.9%, 
83.6%, 89.6%. Essentially random strings 
(3.5% redundant) were constructed with the 











Fic. 1. 
of the 75.9% redundant messages used in these 


Diagram of finite state generator 


(In each state, all the transi- 
tions to each possible next state are equally 
probable. These transitional probabilities 
were altered—and the symbols generated in 
transition were switched—in constructing the 
more highly redundant messages. The 53.3% 
redundant messages were generated by dou- 
bling the choice of symbols in each transition: 
e.g., the transition from State 1 to State 2 
could generate either T or C, etc.) 


experiments. 


use of a random number table. The vocabu- 
lary consisted of nine symbols: eight con- 
sonants and an asterisk. The set of strings 
of each redundancy constituted a language. 
A sample from each language is given in 
Table 1. Four messages of 134 characters 
each were constructed from each language. 

All the messages were typed on 5 X 8 in. 
cards. Each card contained two messages from 
the same language. 

The apparatus was a box, the front of 
which was a one-way glass. When S pushed a 
button, a light came on inside the box and 
the material on a single card was visible. 
A counter registered the number of pushes 
S made, and a Springfield timer registered 
the number of seconds the button was held 
down. 

The task of each S was to copy the mes- 
sages in front of him. He wrote letters down 
only when not looking at the message. His 
instructions were to “be as accurate as 
possible . . . but do not spend time checking 
for errors. Speed is not important, but try 
to work at a steady pace.” 

Ten college students were used as Ss. 
All were completely naive about the experi- 
mental situation: they had had no pre- 
vious experience with the kinds of languages 
used. Each S copied all 20 messages. A 
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balanced latin square was used as the design. 
After each S had copied 10 messages he was 
given a 5-min. rest. The total time required 
was about 14 hr. per S. 

Experiment II.—The E and two friends 
were used as Ss. The E had constructed the 
messages, carried them through their various 
stages—proofreading and typing—and had 
checked some of the copied messages for 
mistakes. With this background, he copied 
10 of the 20 messages used in Exp. I. 

The other two Ss were originally naive, 
and their performance in copying messages 
was studied over a period of time. After 
copying one message of each redundancy, 
the principles underlying the construction of 
the languages were explained to them. They 
were also shown the explicit patterns which 
they would find in each language. Following 
this instruction, over a period of two months, 
each devoted 11 hr. to copying messages 
and to checking each other's papers for 
mistakes. During each 1 hr. experimental 
session, they usually copied and checked two 
messages from each language. The 20 mes- 
sages used in Exp. I were normally used. 
However, new messages from these same 
languages were used as Messages 13, 14, 22, 
and 23 from each language. Each S copied 
a total of 23 messages from each language 
(115 messages in all). 


RESULTS 


Experiment I.—For naive Ss there 
is evidence for a small amount of 
learning from the beginning to the 
end of the session, probably associated 


TABLE 1 
SAMPLES FROM LANGUAGES OF VARIOUS 
REDUNDANCIES 


3.5% 
BS*BX*CNW*X*CPB*FTN X*B*C BBX X PC* 
WCXT*N BCCN*S*NWC*BN*XW*CBXPCT* 
53.3% 
N*N*CP*SP*CCNXP*N*BXTNNP*BNT*W 
NCWXT*BX P*SCWXT*X*X*N*WXT*X*N* 
75.9% 
X*X*X*BN P*X*CTS*BNP*X*BNTS*CTW 
NP*X*BNP*BNTS*CTWNTWNTWNTSNP*B 
83.6% 
N*WXT*SCBXCBXT*ST*N*N*wWXCPFw BC 
BXCBXCBXT*WXCBXCBXCBXCBXCBXCBX 
89.6% 
NPBSPBSPBSPBSPBSPBSPBSPBSPBSPB 
SPBSW*NPBSPW*C*NPBSSBPPBSPBSPB 








COPYING REDUNDANT MESSAGES 1 














25 T T T 
20 LS 7 
a 
a 

4 \ 

oO XV \ 

, — on) 

= 'S 3 

1. \ 

5 \ \ 

x \ 

ao OF \A 7 

Ss \ 

“ \ 
10 NAIVE Ss, \\ 
ist PRESENTATION \\ 

5 4 
10 NAIVE Ss, \ 
3rd & 4th PRESENTATION \ 

© | EXPERIENCED $ 
5 1 wall 1 
e) 25 50 75 100 


PER CENT REDUNDANCY 

Fic. 2. The number of looks required to 
copy 134-symbol messages of varying redun- 
dancy. (The upper curve has been multiplied 
by a constant factor of 0.96; the lower curve 
has been multiplied by a constant factor of 
1.16. The variability of the values for the 
naive Ss on the third and fourth presentations 
has been indicated by adding +o to each 
point.) 


with familiarity with the task and 
the general situation. 

There also seems to be some learn- 
ing within each nonrandom language 
through the four presentations. This 
can be seen from the two upper curves 
of Fig. 2. The top dashed curve 
gives the average number of looks 
for the first presentation of each 
language. (This curve has been cor- 
rected for learning associated with 
the situation by multiplying each 
value by a constant to bring the 
points at 3.5% redundancy into coin- 
cidence.) It can be seen that three 
of the four remaining points are con- 
siderably above the corresponding 
points on the second dashed curve. 
This latter curve gives the average 
number of looks for the third and 
fourth presentations of each language. 
(Using a ¢ test on the corrected values, 
P < .01 that the points for languages 
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of 76% and 84% redundancy are 
from the same distributions.) 

There are striking differences among 
the various languages with respect to 
the average number of looks neces- 
sary to transcribe messages of equal 
length. The number of symbols 
carried per look increases substan- 
tially with the increase in redundancy. 
In terms of a measure of information, 
however, the amount carried per look 
decreases with an increase in redun- 
dancy since the number of symbols 
carried per look does not increase 
as rapidly as the information per 
symbol decreases. 

A sample of errors indicates that 
they are relatively infrequent: about 
one per message, and less in the 89.6% 
language. These errors were not 
taken into account when values of 
information were calculated. 

The time scores are given in Fig. 3. 
The dashed curve gives the average 
number of seconds that S looked at 
messages from each language on 
the third and fourth presentations. 
The differences among the languages, 
though perhaps statistically reliable, 
are not of large magnitude. Hence, 
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copy 134-symbol messages of varying redun- 
dancy as a function of the number of presen- 
tations, for 2 Ss. (The values for each presen- 
tation have been multiplied by that constant 
factor which made the corrected value equal 
to 20 for the 3.5% redundant message. On 
Presentations 1, 3-4, 13-14, and 22-23, these 
factors were 0.83, 0.75, 0.85, and 0.85 for RB 
and 0.74, 0.82, 1.03, and 1.05 for ER, respec- 
tively. The values on the right indicate the 
theoretical asymptotes which would hold if 
the constant information hypothesis were 
true.) 


with greater redundancy, the amount 
of information carried per unit time 
spent looking also decreases with 
increase in redundancy. 

Experiment II.—Once again, there 
is evidence for learning associated 
with the situation. For one S, ER, 
this learning was still occurring at the 
end of the 2-mo. experimental period. 

Learning also occurred within each 
nonrandom language. The _ lower 
curve in Fig. 2 gives E’s results. The 
shape of this curve is similar to the 
shape of the curve for inexperienced 
Ss, but is less curved. This indicates 
that the experienced S is making 
better use of the redundancy which 
is present. 

Figure 4 gives the course of this 
learning for two Ss. When all the 
values have been corrected for overall 


. HOGAN 


learning, it can be seen that learning 
within the nonrandom languages oc- 
curs slowly throughout the experi- 
mental session. If the average num- 
ber of looks per message for Messages 
22 and 23 for these two Ss is plotted 
in Fig. 2, all the points lie between the 
middle (naive Ss) and lower (£) curves. 
The time scores for the three ex- 
perienced Ss are shown in Fig. 3. 
Differences between these scores with 
respect to redundancy are also of 
small magnitude. The two lower 
curves are averages for the last 6 
presentations of each language. 


DISCUSSION 


Before comparing these results with 
those of earlier studies, it should be 
noted that in most previous studies S 
had to memorize a passage and then 
recall it. In the present study, S was 
required to copy a passage which was 
visible to him only when he was not 
writing. Both methods can be used to 
study how information processing varies 
with redundancy, but the second method 
has the advantage of experimental ef- 
ficiency. Using the second method, we 
are directly studying the effects of re- 
dundancy on immediate memory span. 
Whether or not these effects correlate 
with the effects of redundancy on longer 
term memory would seem to be, pri- 
marily, an experimental question. The 
results of this study indicate that those 
effects do, indeed, correlate very highly. 

As in the previous studies, it was found 
that with highly redundant languages 
Ss process more symbols but less in- 
formation than with random languages. 
The relation of both symbols per look 
and information per look to redundancy 
can be plotted easily from the data in 
Fig. 2 and from the fact that the mes- 
sages consisted of 134 symbols each. 
Using the values on the second dashed 
curve, information per look drops almost 
linearly from about 21.3 bits per look 
with a random message to about 4.7 bits 
with a message which is 89.6% redun- 
dant. The number of symbols per look 
starts at about seven for the random 
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language—which is what the many 
experiments on memory span would 
predict (Miller, 1956)—and above 75% 
redundancy it increases rapidly to infinity 
as 100% redundancy is approached. 
Perhaps the most interesting result is 
the effect of experience with the redun- 
dant languages. In Fig. 2 the straight 
line gives the expected number of looks 
if the constant information hypothesis 
were correct. It can that the 
curves begin to approach this line as 
experience with the redundant languages 
is increased. This result may indicate 
that with extensive further training the 
constant information hypothesis might 
hold. 
true for English since these sequence 
dependencies are greatly overlearned in 
the normal S. If the method suggested 
by Shannon (1951) is used to estimate 


be seen 


If so, we would expect it to be 


the redundancies of various word-order 
approximations to English, the 
studies which used English words as 
stimuli (Miller & Selfridge, 1950; Sumby 
& Pollack, 1954) tend to support this 
hypothesis. In any case, experience cer- 
tainly seems to allow greater use of the 
available redundancy. The data in Fig. 
4 indicate, however, that this learning 
occurs very slowly. 


two 


The time needed to transmit a given 
number of symbols appears to remain 
fairly constant as a function of redun- 
dancy, regardless of experience. 
not surprising since Ss normally 
nounced the letters subvocally; it takes 
about the same amount of time to pro- 
nounce a letter regardless of context. 
There another factor involved in 
copying messages from the two most 
highly redundant languages; namely, it 
was more difficult for S to keep his place 
because of the similarities within. the 
message. Practice in copying seems to 
lower the absolute values of the time 
scores. 


This is 
pro- 


was 


SUMMARY 


A relation between the redundancy of 
messages generated by a finite state grammar 
and a measure of information processed was 
determined. Ten naive Ss copied messages 


of varying redundancies. Both the amount of 
time Ss looked at the messages and the num- 
ber of times needed to look at the message 
to copy it were plotted as a function of 
redundancy. The amount of time 
looking remained fairly constant as a function 
of redundancy, but the number of looks 
decreased monotonically, slowly at first, and 
rapidly above 75% redundancy. 


spent 


If a constant 
amount of information had been carried per 
look, this would 
lhese results correlate highly with the results 
of earlier studies which found that a constant 
amount of information was not recalled after 
a given presentation of variously redundant 
material. 


curve have been linear. 


The results of three experienced Ss agree 
generally with the other results except that 
the relation between looks and redundancy 
is less curved than the same relation for the 
rhis indicates that experience 
with redundant materials allows greater use 
to be made of the redundancy which is 
present. 


naive Ss. 
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RESPONSE BIAS AND PERCEPTION 


CHARLES D. SMOCK ann FREDERICK H. KANFER 


Purdue University 


One important by-product of the 
controversies about the role of per- 
sonality variables in perception has 
been the clarification of some major 
methodological problems associated 
with the concept of perception. There 
is now general agreement, for example, 
that experimental arrangements must 
provide for experimental or statistical 
separation of the relative contribu- 
tions of the perceptual system and 
response biases to overt (indicator) 
responses (Garner, Hake, & Eriksen, 
1956; Kanfer, 1956). This issue is 
most clear in the case of perceptual 
recognition studies where the problem 
is one of isolating variables that affect 
seeing from those that affect saying 
(Neisser, 1954). The influence of 
prior training on subsequent recogni- 
tion thresholds has been demonstrated 
to be so strong that response bias has 
often sufficed to explain the experi- 
mental results without recourse to the 
properties of the perceptual system 
that might contribute to recognition. 
However, typical procedures for de- 
termining thresholds by the ascending 
method of limits produces a shift in 
the relative contribution of sensory 
input and prior established response 
biases (Bricker & Chapanis, 1953). 
Consequently, the extent of influence 
of each of these systems to recognition 
responses has been difficult to isolate. 

Two quite distinct methods for 
separating the relative effect of the 
perceptual and the associative re- 
sponse variables to recognition have 
been suggested. One approach (Black- 
well, 1952) involves experimental situ- 
ations in which the instrumental recog- 
nition or “indicator’’ response varies 


systematically over a series of presen- 
tations of a particular stimulus; i.e., 
response transposition. A_ second 
method is designed to study the effects 
of the particular experimental pro- 
cedures in the absence of perceptual 
input (Hochberg, 1956). Once the 
effects of the procedures alone are 
known, perceptual variables could 
then be systematically introduced. 
Goldiamond and Hawkins’ (1958) 
recent study of the effects of pretrain- 
ing on recognition responses in a 
quasiperceptual task is an example 
of this latter approach; ie., an 
attempt to isolate the ‘“‘pure’”’ effects 
of response biases. 

The present investigation was de- 
signed to determine the effects of a 
perceptual set on response biases in a 
quasiperceptual situation. Such re- 
sponse biases may be more or less 
congruent with the demands of the 
task situation. Additionally, there 
is a set to attend to external stimula- 
tion in any perceptual experiment. 
It might be expected that any variable 
which affects S’s expected source of 
available information would further 
influence response probabilities ; these 
effects could not be ascribed to the 
“‘response’’ system or response biases. 

In the present study we were con- 
cerned with two factors which would 
appear particularly important in re- 
stricting free utilization of previously 
trained responses in perceptual recog- 
nition experiments. First, instruc- 
tions to “look at the screen’’ evoke 
perceptual attending responses which 
provide, through visual exploration, 
indeterminate sensory input likely to 
modify response biases. Second, fail- 
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ure to receive stimulus confirmation 
of identifying responses has frustrat- 
ing and emotional! consequences ki) own 
to alter response probabilities (jamcs 
& Rotter, 1958). Removal o. -1 E 
defined stimulus, therefore, ma: >in 
mize the effects duc to perceptua 
input, but does not necessarily pro 
vide a “‘pure”’ situation fer the ope 
tion of previously acquired response 
biases. 


~ 


1 


These considerations lead to the 
following hypothesis. Maximum ef- 
fectiveness of prior training will be 
manifest where: (a) Ss expect no 
additional “external” information prior 
to their response; i.e., when there is 
no perceptual input with which the 
response can be brought into con- 
gruence, and (b) when Ss _ expect 
minimal accuracy of recognition and 
thus adverse effects of negative rein- 
forcement (‘incorrect responses’’) are 
minimized. Conversely, conditions 
which evoke a set to perceive and 
which fail to provide confirmation of 
perceptual expectancies should re- 
strict utilization of response biases. 
A third experimental condition in 
which the set to perceive is minimized 
but in which the confirmation of 
response accuracy is maximized, or 
vice versa, should result in inter- 
mediate contributions of the response 
biases. 

In order to test this hypothesis 
three groups of Ss were tested in a 
quasiperceptual task. The first group 
(ESP) was instructed that no percep- 
tual information would be forth- 
coming. The second group (SLP) 
was told that some information would 
be presented and response accuracy 
was expected. The third group 
(LNG) was instructed that informa- 
tion must come from “internal” 
sources, i.e., from memory. It was 
predicted that relative accuracy due 
to response biases would be most 
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congruent with pretraining frequency 
under ESP, and least congruent under 
SIP instructions. The LNG group 


was expected to fall between the 
ther two groups. 
\i ie THOD 


Subjects 


The subjects were 42 maie college students 
from an introductory psychology course. 


Stimulus Materials 


The stimulus words and word lists for the 
training series were identical to those by 
Goldiamond and Hawkins (1958). Ten non- 
sense words were arranged into five pairs 
which were systematically varied so that each 
pair was presented at five different frequen- 
cies during pretraining. Thirteen extraneous 
words appeared only once during 
and not at all during the 
paired words were: MIV, WUX; TUD, ZOF; 
HIF, MIF; FEP, HAJ; VUK, VOF. Five decks 
of 99 cards each were prepared so that word 
pairs and training frequencies were counter- 
balanced. Training frequencies used in the 
study were 25, 10, 5, 2, and 1. 
assigned randomly to 
experimental group. 


training 
test phase. The 


Subjects were 


training deck and 


Training Procedures 


Each word was typewritten in capital 
letters in the center of a 3 X 5 in. white card. 
The deck was shuffled separately for each S 
and placed face down between E and S. 
The Ss were told that these words were from 
a foreign language and that S was to spell and 
pronounce the word exposed on each stimulus 
card. A card was presented every 8 sec. 

As interpolated material, S was given 
material, excerpted from national magazines, 
to read during a 10-min. interval 
training and the test situation. For each 
group, the contents of the material was 
directly relevant to the instructional condi- 
tions to which S has been assigned.'! 

The Ss sat 6 ft. in front of a 10 X 12 in. 
milk glass screen centered on a 6 X 10 ft. 
table divider. A signal light was mounted 
above the screen. “Stimulus” presentation 
was automatically controlled. A warning 
bell sounded 2 sec. prior to stimulus presenta- 
tion. A 7-sec. interval 


between 


between stimulus 


| 1Copies of the excerpts used here will be 
mailed upon request to the authors. 
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presentation and the bell signaling the next 
trial was maintained. 


Instructional Conditions 


Following pretraining, instructions were 
systematically varied in three respects: (a) 
the contents of the interpolated reading 
material; (6) the nature of the ‘‘stimulus’”’ 
presented during the test phase; (c) the stated 
purpose of the experiment. The essential 
aspects of these variations are presented 
below. 

Extrasensory perception group (ESP).— 
Interpolated reading material consisted of 
excerpts from national magazines on ESP 
phenomena. The Ss were told that 2 sec. 
after the warning bell E would be thinking of 
one of the foreign words which S had pro- 
nounced earlier. When E was “concentrating 
the hardest’’ and the possibility of S receiving 
the thought wave was at its maximum, E 
would turn on the signal light. At that time 
S was to report the word image that appeared 
in his mind. It was further emphasized S 
should guess what word it was, even though 
the word appeared only dimly in his mind, 
since the purpose of the experiment was to 
determine the extent to which S would receive 
the thought waves of another person. * 

Subliminal perception (SLP).—Instruc- 
tions for this group were as similar as possible 
to those reported by Goldiamond and 
Hawkins (1958). The phenomena of sub- 
liminal perception was emphasized in intro- 





2?For the information of the purists, E 
did concentrate on the correct word for one- 
half of the trials for each S. 
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ducing the reading material. The contents of 
the reading material was relevent to sub- 
liminal perception findings during recent 
years. Following the interpolated activity S 
was told that 2 sec. after the warning bell, 
one of the foreign words he had seen and 
pronounced in the training series would be 
flashed on the screen. The word would ap- 
pear very briefly and S should respond, even 
though he felt he was guessing, since the 
purpose of the experiment was to relate 
behavior to unseen or barely seen stimuli. 

Learning group (LNG).—The interpolated 
reading material dealt with the effects of 
“learning without awareness’’ on subsequent 
behavior. The Ss were told that 2 sec. after 
the warning bell E would be ready to record 
his answer and would turn on a signal light 
to indicate this fact. The S was to respond 
with any one of the foreign words which he 
recalled from the earlier list. The S was 
instructed to “search his memory’ on each 
presentation since the purpose of the experi- 
ment was to relate behavior to the memory 
for events which S had not 
learning. 


been aware of 

The Ss in all three groups were asked to 
respond when the “stimulus’’ was flashed. 
They were also told that only pretrained 
words would be used and E would inform 
them when they had responded correctly. 
“Recognition’’ in each case was defined as 
congruence of S’s emitted response with the 
predetermined randomly selected word which 
had to be guessed on each series. After a 
correct response or 25 incorrect trials a new 
series was begun. A total of 10 series, repre- 
senting two words at each frequency, was 
administered to all Ss. 


Recall Conditions 


Following the quasiperceptual task, Ss 
were asked to write down all the words they 
could remember from the pretraining series. 


RESULTS 


Trials to recognition.—Trials to 
recognition represents the number of 
responses made before S emitted a 
response that matched the one selected 
by £ for that series. The relationship 
between pretraining frequency and 
trials to recognition for the three ex- 
perimental groups is presented in 
Fig. 1. 

In order to reduce the skewness of 
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the distribution, due in part to limit- 
ing each recognition series to 25 trials, 
a square-root transformation was per- 
formed. Analysis of these trans- 
formed data is shown in Table 1. 

The analysis indicates that the 
groups differ significantly in the total 
number of trials required to emit the 
preselected response over all training 
frequencies (F = 12.50; P < .01). 
Except when a word appeared only 
once in pretraining, the ESP group 
consistently gave the appropriate 
response earliest and Ss in the SLP 
group gave it latest in the series. 
The interaction between frequency 
of pretraining and groups is not sig- 
nificant. Both frequency of prior 
occurrence and instructions, there- 
fore, have significant effects on the 
order of appearance of pretraining 
responses at each of the pretraining 
frequencies, and these effects are con- 
sistent for all the groups. Variation 
in the expected source of information, 
induced through instructions, had 
the predicted effects on “correct 
recognition.” 

Number of words recognized.—Com- 
parison of number of words recognized 
represents another measure of the 
effects of experimental treatment. It 
has an advantage in that it is free of 


TABLE 1 


ANALYSIS OF VARIANCE OF SQUARE Root 
TRANSFORMATIONS OF TRIALS TO “‘Cor- 
RECT’ RESPONSE FOR 10 SERIES OF 
PRESELECTED WorpDs OF FIVE 
VARYING FREQUENCIES 





| | 
Source | af | MS | F 


Between groups (G) 


| 221.968} 12.50* 


Pooled Ss in groups 39| 1.757 | 
Within groups 378) 
Training frequency (F) 4|82.227 | 72.57* 
FXG 8} 1.947| 1.72 
F XWSspooledin |_| 
groups 156) 1.994| 1.76* 


Within-cells error 


210) 1.133 | 
| | 


*P < Ol. 
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as a function of training frequency and 
instruction. 


any biasing effect due to restricting 
each series to 25 trials. The mean 
number of words recognized by the 
respective experimental groups was: 
ESP, 5.71; LNG, 4.47; and SLP, 
3.36. Figure 2 presents these data, 
converted to percentages, for the 
three groups at each of the training 
frequencies. The ESP group reaches 
100% accuracy of “recognition” at 
the highest training frequency and 
also shows higher average percentage 
of words recognized at each of the 
frequencies, excepting one. Analysis 
of variance of the mean number of 
words recognized yields F ratios 
beyond the .01 level for both frequency 
(F = 35.21) and groups (F = 10.47). 
These results are consistent with those 
obtained in the analysis of trials to 
recognition. 

Number of words recalled.—lf frus- 
tration and/or negative reinforcement 
associated with incorrect responses 
during the task series did not alter 
response biases, no differences among 
these groups would be expected in 
recall, since the “‘stimulus’’ conditions 
on this task were identical for all 
groups. The average number of 

* In contrast to the preceding task, all Ss 
were instructed to “‘try to remember’’; thus 


the recall condition was most similar to the 
LNG instructions. 
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Fic. 3. Percentage of words correctly 
recalled as a function of training frequency 
and instructions. 


correctly recalled words was 4.86 for 
the ESP group, 3.66 for the LNG 
group, and 3.37 for the SLP group. 
Analysis of variance of these data 
yielded an F of 4.57 (P < .05) for 
the main effect of groups. 

Figure 3 presents the percentage 
of words correctly recalled as a func- 
tion of training frequency and experi- 
mental treatment. The order of the 
groups on this measure is similar to 
that obtained on the other measures 
with the greatest effects of pretraining 
again reflected in the performance of 
the ESP group. 


DISCUSSION 


These results indicate that response 
biases in quasiperceptual situations may 
be affected not only by frequency of 
pretraining but also by response sets 
induced through instructions. More 
specifically, it was found that a percep- 
tual set attenuates the dependency of 
“recognition’’ responses on frequency of 
prior experience even in the absence of 
a specified stimulus. These data lend 
support, therefore, to the hypothesized 
effects of variation in the expected source 
of information and consequences of re- 
sponse accuracy confirmation on response 
biases in perceptual task situations. 

If behavior is conceptualized as a 
process in which perceptual responses 
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mediate overt responses (Kanfer, 1956), 
then one would expect any increase in 
irrelevant external stimulation to evoke 
a greater number of perceptual identi- 
fying responses and, therefore, greater 
variability in overt responses. Further, 
such “attending responses,’ whether 
aroused by instructions or subsequent 
irrelevant stimulation, lead to informa- 
tional input that may be incongruent 
with S’s response biases. In the sub- 
liminal perception conditions, for ex- 
ample, random sensory input from the 
flash on the screen, etc. would, according 
to this assumption, evoke identifying 
responses which then modified and re- 
stricted the availability of pretrained 
responses. No such irrelevant events 
were systematically attended to in the 
other groups. However, instructions 
to the LNG group did emphasize that 
response accuracy was an important 
factor in the task. It was predicted that 
failure of confirmation of response ac 
curacy would generate frustration and 
emotional concomitants of failure that 
would effectively change the biases 
established in the training session. That 
this factor alone is sufficient to modify 
response probability may be inferred 
from the performance of Group LNG. 
Finally, the performance of Group ESP 
obtained under conditions where neither 
the orientation toward external informa- 
tion nor response accuracy confirmation 
constituted aspects of the experimental 
treatments indicates that these instruc- 
tional factors reduce the maximum 
effectiveness of prior training. 

Omission of an E-defined stimulus is an 
insufficient basis for the inference that 
perceptual variables do not system- 
atically influence indicator responses in 
perceptual tasks. The simple instruction 
to the human S that he attend to an 
external stimulus (a constant but not 
trivial aspect of perceptual research) 
produces altered states of the organism 
which must be taken into account when- 
ever the effects of additional variables 
on perceptual processes are to be studied. 
If the definition of perception is thus 
broadened to include situational and 
organismic factors, such as those which 
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influenced behavior in this experiment, 
then the quasiperceptual situation may 
serve as a method which will permit 
the isolation and exploration of some of 
the complex variables operating in per- 
ception tasks. The isolation of these 
component processes and their contribu- 
tion to overt responses in various per- 
ceptual situations remains a primary goal 
of future research. For example, deter- 
mination of motivational and other atti- 
tudinal factors operating to modify 
response biases may help to resolve 
further the contradictions arising from 
perceptual defense studies. 


SUMMARY 


The present study determined the effects 
of expected source of information on response 
biases in a quasiperceptual task. It was 
predicted that response biases, acquired 
through prior training, would contribute 
maximally to “recognition’’ responses under 
conditions where: (a) Ss expected no addi- 
tional external information; (b) accuracy of 
recognition was minimized. Each of 42 Ss 
was pretrained by pronouncing nonsense 
words presented for differing number of 
trials. Following pretraining, Ss were divided 
into three equal groups. Group ESP read 
interpolated material concerning extrasen- 
sory perception and was then instructed to 
respond to E’s “thought concentration” dur- 
ing the quasiperceptual task situation. Group 
LNG was given comparable reading material 
emphasizing subconscious factors in learning 
and memory and then was instructed to search 
his memory during the task situation. Group 
SLP read articles suggesting the effectiveness 
of subliminal perception and was instructed to 
respond to “subliminally’’ presented. words 
during the task situation. No stimulus word 
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was presented during the task situation to any 
of the groups. Accuracy of responses as 
measured by trials to recognition, number of 
words recognized, and recalled words, was 
significantly greater for Group ESP than 
either Groups SLP or LNG. The implications 
of these findings for methodology in perception 
studies were briefly discussed. 
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REINFORCING PROPERTIES OF THE ONSET OF 
AUDITORY STIMULATION! 
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University of Maine 


Recent reviews of the experimental 
literature (Glanzer, 1958; Waters, 
Rethlingshafer, & Caldwell, 1960) 
summarize a growing body of data 
which is congruent with the ‘‘sensory 
reinforcement” hypothesis, i.e., oper- 
ant behavior probability may be 
increased and maintained by stimuli 
unrelated to the usual organic need 
states (Barnes, Kish, & Wood, 1959). 
The data reviewed appear to fall 
into four general groupings: 


1. Studies reported by Harlow et al. (e.g., 
Harlow, 1950; Harlow, Harlow, & Meyer, 
1950) report that monkeys will engage in 
extensive manipulatory and puzzle-solving 
behavior without the presentation of any of 
the ordinary primary or secondary reinforcers. 

2. Butler reported excellent learning by 
monkeys if the “‘correct”’ response led to such 
visual stimulation as a 30-sec. exposure to 
the environment outside the test cage (Butler, 
1953) or such auditory stimulation as the 
sounds arising from the monkey 
(Butler, 1957). 

3. Montgomery has reported in a series 
of papers (e.g., Montgomery, 1954; Mont- 
gomery & Segall, 1955) that mazes may be 
learned by rats if the “correct” response leads 
to any one of a variety of complex stimuli 
(e.g., a Dashiell maze) which has never been 
experimentally associated with primary drive 
reduction. 

4. The above groups of studies all involve 
stimulation of extreme complexity. A fourth 
group of studies deals with the effects of much 
less complex stimulation on relatively simple 
behavior. These studies uniformly report 
that the onset of dim illumination is intrin- 
sically reinforcing for rats (e.g., Girdner, 
1953; Marx, Henderson, & Roberts, 1955) and 
for mice (e.g., Barnes et al., 1959; Kish, 
1955). 


colony 
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2 Now at the University of Arkansas. 


164 


A basic question, relative to the sen- 
sory reinforcement hypothesis, raised 
by the fourth group of studies is that 
of the generality of the phenomenon. 
Will stimulation in modalities other 
than vision prove to be sensory rein- 
forcers? The studies of Harlow, 
Butler, and Montgomery suggest that 
sensory reinforcement may operate 
in situations other than contacting 
or depressing a lever and that tactual, 
kinesthetic, and auditory stimuli may 
serve as sensory reinforcers. How- 
ever, the extreme complexity of the 
stimuli used in these studies and the 
possibility of their previous asso- 
ciation with primary reinforcement 
preclude unambiguous interpretation. 
For example in Harlow’s studies of 
manipulation, visual, tactual, and 
auditory stimulation as well as kines- 
thetic stimulation may be operating 
concurrently. Also, Butler’s (1957) 
finding that monkeys will learn a 
response which produces sounds from 
the monkey colony appears to be 
complicated by the secondary rein- 
forcing properties assignable to such 
sounds through the past history of Ss 
in the colony itself. 

The objective of the present study, 
therefore, is to investigate the effects 
of various frequencies and intensities 
of auditory stimulation upon the 
lever-contacting behavior of mice in a 
situation in which response-contingent 
stimulation in other sensory modali- 
ties has been reduced to a minimum. 


METHOD 


Subjects.—A total of 1000 Ss, 880 male and 
120 female C57 Black Subline 6 mice, 50-70 
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days of age were tested in this study. The Ss 
were received in blocks of 120 and housed 
in a large communal living cage in which 
Purina lab chow and water were constantly 
available. Female Ss were equally distributed 
among the 40 conditions of the second phase 
of the experiment. 

Apparatus.—The apparatus has been ex- 
tensively described elsewhere (Barnes et al., 
1959) and comprised three identical sets of 
equipment, each consisting of a 5} K 53 XK 5} 
in. ventilated Skinner-type box placed within 
a large, sound-insulated wooden box. Base 
noise level in the box was 30 db. From one 
of the flat black walls of the box an immovable 
U-shaped bar protruded 7 in. Contacts by 
S with this bar activated a Hunter electronic 
relay which in turn operated cumulative re- 
corders (Gerbrands Model C and/or ZDG-I 
3/0 printing counters), Cramer .01-min. run- 
ning time meters, and sound presentation 
equipment located in an adjoining room. 

The top of each box was closed by a wooden 
framework containing a Quam speaker Type 
732, covered by a wire screen, during the first 
phase of the experiment. During the second 
phase the wooden framework contained an 
Olson S-297 high-frequency tweeter. Sound 
stimulation was produced by an H. H. Scott 
Type 810-A white noise generator and 
Heathkit Audio Signal Generators, all am- 
plified by Heathkit high fidelity amplifiers. 

Control equipment provided for a com- 
pletely automated experimental cycle 1 hr. 
in length, divided into three consecutive 
20-min. experimental periods. Thus the 
three experimental periods were timed, data 
were recorded, and stimuli were presented 
automatically.’ 

Procedure.—The experiment utilized the 
10 X 5 X 2 factorial design defined by 10 
frequencies, 5 intensities, and 2 contingencies, 
as follows: (a) Frequencies (in cps): white 
noise, 700, 1200, 2000, 4000, 6000, 9000, 12000, 
14000, 16000. (6) Intensities (in db.) : 45, 55, 
65, 75, 85. (c) Contingencies: tone contingent 
on bar contact, tone not contingent on bar 
contact. 

During the first 20-min. period (hereafter 
called “operant level’) of the 1-hr. experi- 
mental session, the unconditioned rate of bar 
contacting was determined; no auditory 
stimulation was presented during this period. 
During the second 20-min. period (hereafter 
called “‘conditioning’’) the Contingent groups 
received pure tone or white noise of appro- 





5’ Automation of the experiment was made 
possible by a grant-in-aid from the Wilson 
Coe Research Fund, University of Maine. 
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priate intensity and frequency as the conse- 
quence of each bar contact; duration of 
stimulation was equal to duration of bar 
contact. In the Noncontingent groups, sound 
stimulation of appropriate frequency and 
intensity was presented for 1 sec. every 18 
sec., independently of the behavior of S. 
During the final 20-min. period (hereafter 


called “‘extinction’’) the operant level con- 
ditions, i.e., no sound stimulation, were 
reinstated. 


Owing to technical problems related to 
sound production and sound intensity meas- 
urement, the experiment was run in two 
phases. Phase I included frequencies from 
white noise through 6000 cps and Phase Il 
included frequencies from 9000 cps through 
16000 cps. For measurements in Phase II, 
a calibrated microphone (Electrovoice Model 
655C) was substituted for the original 
Rochelle salt microphone on the General 
Radio Sound Level Meter, thus requiring a 
slight change in the technique of sound 
measurement. All sound measurements re- 
ferred to in the experiment was taken on the 
“A” weighting of the sound level meter. 

During Phase I, Ss were run in 10 squads 
of 60 mice each, randomly distributed among 
the 60 possible experimental conditions. 
Similarly, Ss in Phase II were run in 10 
squads of 40 mice each, randomly distributed 
among the 40 possible experimental condi- 
tions. Thus 100 independent groups of 10 
Ss each were tested. 

Data consisted of (a) cumulative response 
records of the performance of each S during 
the entire experimental session and (5) total 
numbers and total durations of bar con- 
tacts during each 20-min. period of a given 
experimental session. 


RESULTS 


Cumulated response times in each 
experimental period were converted 
for each S into average time per 
response (hereafter called T), in 
seconds, for each period. The T 
measures and total numbers of re- 
sponses emitted during the operant 
level, conditioning, and extinction 
periods were then converted by sub- 
traction for each S into the difference 
scores (a) C-OL (Conditioning minus 
Operant Level) and (6) OL-E (Oper- 
ant Level minus Extinction). This 
conversion was made because exten- 
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} Total Responses = Selected Responses* = Time/ Response 
Source of Variation df 
C-OL | « C-OL E-¢ C-OL OL-I 
Frequency (Fr) | 9,900 | 4.14°*| 0.74 | 3.84 1.02 0.94 1.34 
Intensity (db.) | 4,900 2.65* 1.52 | 2.18 | 1.29 3.22" 1.12 
Contingency (Co) | 1,900 0.52 1.32 0.15 | 2.03 1.59 0.04 
Fr X Co 9,900 1.92* 1.14 0.62 2.48** 1.90* 1.28 
db. X Co 4,900 1.49 0.69 0.27 | 0.37 3.14* 1.24 
Fr X db. 36,900 | 1.30 0.93 1.20 0.84 1.44* 1.19 
Fr X db. X Co 36,900 0.87 0.69 0.85 1.15 1.28 1.21 
* Comparison is between responses in first 5 min. of one period (e.g., C) and last 5 min. of second 


period, (e.g., OL). 
*P <.05. 
*P < 01. 


sive experience with light-onset rein- 
forcement has indicated that such 
difference measures are considerably 
more sensitive than are the raw data. 
The outcomes of analyses of variance 
of the difference scores are summar- 
ized in Table 1, and Fig. 1-4 dis- 
play the data for those difference 
scores yielding at least one F value 
significant at or beyond the .05 level.‘ 


The figures indicate that, in spite 
of the moderately large groups stud- 
ied, considerable irregularity is the 
rule. Some general trends may, how- 
ever, be noted. It may be seen in 
Fig. 1, for example, that only rarely 
did a group emit more responses dur- 
ing the conditioning period than 
during the operant level period; yet 
an overall downward trend is clearly 
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significant inverse relationship be- 
tween sound intensity and the C-OL 
measure for responses is also present, 
although this function is probably 
not a maximum at the lowest intensity 
of 45 db. The significant Frequency 
X Contingency interaction reflects a 
trend for the contingent groups to be 
above their noncontingent controls 
at frequencies below 6000 cps but 
below the noncontingent groups at 
higher frequencies. 

Figure 2 indicates that most groups, 
both contingent and noncontingent, 
yielded higher average response times 
during the C period than during the 
OL period. The F values reported 
in Table 1 indicate, however, that 
the conclusions reached in the pre- 
ceding paragraph concerning response 
frequencies also follow, perhaps even 
more clearly, from the T data. The 
significant Intensity X Contingency in- 
teraction for the C-OL difference for 
T is apparently due to a general trend 
for the contingent groups to yield 
larger T values than their controls 
at intensities of 75 db. and below, 
but smaller T values above 75 db. 


Difference scores obtained by sub- 
tracting numbers of responses made 
during the last 5 min. of OL from 
those made during the first 5 min. 
of C are displayed in Fig. 3. This 
measure does not show the abrupt 
acceleration in response rate charac- 
teristic of contingent groups in light- 
onset experiments when the condition- 
ing period begins (Barnes & Kish, 


MEAN RESP. DIFF. 
és 








TONE FREQ. (KC.) 


Fic. 3. Average scores for the first 5 min. 
of conditioning responding minus the last 
5 min. of operant level responding. (The 
average is taken across Intensity and Con- 
tingency since analysis of variance indicated 
no significant effects for those two variables.) 
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Fic. 4. Average scores for the first 5 min. 
of extinction responding minus the last 5 min. 
of conditioning responding. (The average 
is taken across Intensity since analysis of 
variance indicated no significant effect for 
that variable.) 


1958). There is, rather, no more 
than a general downward trend in 
this measure as a function of fre- 
quency increase alone ; the contingency 
variable appears to play no role here. 

An acceleration is sometimes found 
at the beginning of extinction fol- 
lowing a conditioning period with 
the usual organically-based reinforcers 
(e.g., Skinner, 1938). However, scores 
obtained by subtracting numbers of 
responses made during the last 5 min. 
of conditioning from those made dur- 
ing the first 5 min. of extinction (see 
Fig. 4) do not show that a general 
acceleration in response rate occurred 
when the extinction period began in 
the present experiment. The sig- 
nificant Frequency X Contingency in- 
teraction for this measure seems, 
rather, to indicate a certain amount 
of quite irregular recovery from re- 
sponse suppression in those contin- 
gent groups exposed to high frequency 
tones during the conditioning period. 

The nonsignificant F values for the 
two OL-E measures indicate that 
average response times and overall 
response rates were approximately 
equal for all groups during the operant 
level and extinction periods. 


DISCUSSION 


The time and frequency data appar- 
ently indicate that response-contingent 
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low-intensity sounds, toward the lower 
end of the examined frequency spectrum, 
generally maintain behavior at levels 
slightly but significantly above control 
group levels. The inference that sound 
may act as a sensory reinforcer seems 
to follow rather directly, thus indicating 
some generality for the sensory rein- 
forcement phenomenon. It is, however, 
clear that the positively reinforcing 
properties of such sounds are quite weak 
in comparison with the reinforcing 
properties we find routinely in our 
laboratory in the case of dim-light onset. 
We generally find, in the strain of mice 
studied in the present experiment, that 
response-contingent illumination onset 
results in an approximate doubling of 
the prevailing response rate. In contra- 
distinction, we have found in the present 
study that response-contingent tones do 
not in general increase the prevailing 
rate at all. Rather, response-contingent 
tones, in certain ranges, simply maintain 
the rate at an overall level greater than 
would be expected if such tones were 
not response-contingent. In the low 
frequency and low intensity ranges, 
then, tone onset seems to operate as a 
weak positive reinforcer, with reinforcing 
strength especially indicated by the 
occasional marked peaks in the C-OL 
measures for contingent groups. The 
existence of peaks of such magnitudes 
at specific frequency and intensity values 
would seem, however, to require inde- 
pendent replication before definite con- 
clusions concerning them can be reached. 
At frequencies above 9,000 cps the 
weak positive reinforcing effects of tone 
onset were apparently replaced by an 
aversive effect rather clearly exhibited 
by the 75-db. and 85-db. contingent 
groups. It is interesting to note that 
85-db. tones contingent upon bar contact 
did not produce a response suppression 
over the total frequency range here 
investigated; such suppression was not 
evident until frequencies of 12,000 cps 
and above were involved. To what 
extent this suppression-failure depends 
upon the auditory capabilities of the 
mouse isa matter for speculation, for these 
capabilities do not seem to be known. 
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Although the positively reinforcing 
effects of the experimental treatments 
were evident during the conditioning 
period, such effects were not sufficient 
to yield significant response or time 
differences between the extinction and 
operant level periods. The same result 
has, however, also been found by the 
authors in the case of light-onset rein- 
forcement (Barnes & Kish, 1958), and 
may simply be characteristic of sensory 
reinforcers when continuous reinforce- 
ment prevails during a _ conditioning 
period of 20 min. or longer. It may be 
that a 20-min. conditioning period, with 
a continuous reinforcement schedule in 
effect, is sufficient time for production 
of satiation for the sensory reinforcer. 
The result would be that low response 
rates appear during an immediately 
subsequent extinction session, and ex- 
tinction responding would then not dif- 
fer significantly from operant level re- 
sponse measures. More data on this 
point are clearly needed, for massive 
carry-over into extinction of the effects 
of a reinforcement period are easily 
demonstrated for such reinforcers as 
food and water. 

One hypothesis which might be sug- 
gested immediately to account for the 
weakly positive effects of tones at low 
frequencies and intensities but negative 
effects at higher ones would be that, in 
the case of tones at least, positively 
reinforcing properties are exhibited at 
frequency values toward the limits of 
the hearing range of the mouse. The 
data presented herein would then be 
accounted for as being toward the bottom 
of the hearing range of the mouse, and 
one would then wish to examine fre- 
quencies toward the upper limit of the 
range. Verification of such an interpreta- 
tion must await the collection of absolute 
threshold data, as a function of fre- 
quency, for the mouse. Data of this na- 
ture are not available, to the knowledge 
of the authors. 

Another hypothesis arises from the 
everyday observation that moderate 
response rates are generated in human 
children by toys and other environmental 
objects which can be made to produce 
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noises. Such observations are, of course, 
unsystematic and secondary reinforcing 
properties may certainly have been 
assigned to sounds by their associations 
with primary reinforcement in the past 
history of the child. Nevertheless, Frey 
(1960) has found that high response 
rates appear in a lever-pressing situation 
with preschool children when bar pressing 
produces a meaningless sound. It is, 
therefore, conceivable that a _phylo- 
genetic variable operates in the case of 
sounds-as-reinforcers, so that the small 
magnitude of the positive effects re- 
ported in the present experiment is due 
in part to the phylogenetic position 
of the mouse. Mammals better adapted 
than the mouse to the use of sounds as 
cues for movement might display a more 
marked sensory reinforcement effect 
than we were able to demonstrate with 
mice. 

A recent experiment from our labora- 
tory (Barnes & Baron, 1961) suggests 
a third hypothesis. This experiment 
involved substituting for the light rein- 
forcer which we have always used with 
mice (i.e., a diffuse overall illumination 
of the entire experimental compartment) 
another visual stimulus, viz., a small 
pattern displayed on a Lucite screen just 
above the response lever. It was found 
that different patterns yielded response 
rates which differed at unusually great 
levels of statistical significance. An 
obvious extension of the result to sound 
stimuli would be that response-contin- 
gent sound patterns, perhaps both tem- 
poral patterns and tones presented in 
chord patterns, might be expected to 
produce response rates substantially 
higher than those found in the present 
experiment. 


SUMMARY 


An experiment was performed, using 1000 
mice as Ss, to test for possible reinforcing 
effects of the onset of various frequencies and 
intensities of auditory stimulation. The 
experiment utilized a factorial design defined 
by 10 frequencies, 5 intensities, and 2 con- 
tingencies (sound contingent on bar contact 
and sound not contingent on bar contact). 
Each S was tested in a single 1-hr. Experi- 
mental session consisting of a 20-min. Operant 
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Level period, followed by a 20-min. Condi- 
tioning period, followed by a 20-min. Extinc- 
tion period. Both total number and total 
duration of bar contacts were recorded during 
each of the 20-min. periods. 

The results indicated that auditory stimu- 
lation, in certain frequency and intensity 
ranges, showed positive reinforcing properties 
primarily by maintaining response rates in 
the contingent groups above those of the 
noncontingent groups during the conditioning 
period. This effect varied as a roughly in- 
verse function of both frequency and in- 
tensity. The data were interpreted as show- 
ing that onset of auditory stimulation can 
function as a sensory reinforcer, though a 
considerably weaker one than onset of dim 
illumination. 
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The early observation of Tolman, 
Hail, and Bretnall (1932) that electric 
shock facilitates learning, even when 
the shocks follow correct responses, 
has been confirmed by an impressive 
number of subsequent investigations 
(e.g., Feldman, 1954; Freeburne & 
Schneider, 1955; Freeburne & Taylor, 
1952; Muenzinger, 1934; Muenzinger, 
Bernstone, & Richards, 1938; Muen- 
zinger, Brown, Crow, & Powloski, 1952; 
Muenzinger & Newcomb, 1935; Muen- 
zinger & Powloski, 1951; Prince, 
1956). Muenzinger and Baxter (1957), 
on the basis of an investigation of 
the perceptual properties of shocks 
following correct (shock-right) and in- 
correct (shock-wrong) responses, have 
suggested that two factors operate 
when Ss are shocked. First, shock 
operates as a general facilitating 
mechanism, regardless of whether 
administered for correct or for incor- 
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Support for the investigation has come from: 
Medical Research and Development Division, 
Office of The Surgeon General, Department of 
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technical assistance, and M. M. Schnore for 
his many constructive comments and criticism. 
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rect responses. This is opposed to the 
common assumption that the only 
effect of shock is to produce avoidance. 
In addition to this, according to 
Muenzinger and Baxter, the shock 
takes on cue properties, leading to 
approach behavior in shock-right 
groups and to aversive behavior in 
shock-wrong groups. The shock-right 
groups, however, must overcome an 
initial aversion to shock. It is this 
initial aversion that accounts for the 
ultimate superiority of shock-wrong 
over shock-right in Muenzinger’s data. 

In this explanation, Muenzinger 
and Baxter make two assumptions. 
The first is that shock-wrong groups 
always learn faster than do shock- 
right groups, an assumption which is 
not borne out by the available evi- 
dence. While this is usually the case, 
several experiments have resulted in 
shock-right being the superior condi- 
tion for learning (Feldman, 1954; 
Tolman et al., 1932), and in still 
others, no difference has been observed 
between shock-right and shock-wrong 
groups (e.g., Freeburne & Schneider, 
1955). A review of earlier studies sug- 
gests that intensity of the noxious 
stimulus employed may be the basis 
of these conflicting findings (see e.g., 
Muenzinger & Newcomb, 1935). It 
seems that when shock has been held 
to a relatively mild intensity (e.g., by 
allowing human Ss to adjust the inten- 
sity until they can ‘“‘take no more”’), 
shock-right has been the superior con- 
dition; but when the intensity of the 
shock has been relatively great (as in 
animal studies in which, eg., E 
adjusts the current until S “‘jumps’’), 
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shock-wrong groups tended to perform 
better. 

The second assumption of Muen- 
zinger and Baxter is that cue proper- 
ties alone differentiate the two shock 
conditions (i.e., shock-right vs. shock- 
wrong). If intensity isa critical factor 
in determining the relative effects of 
the two shock conditions, then the 
arousing properties of the shock stimu- 
lus bear investigation as well as the 
cue properties. 

The present study was designed to 
obtain data bearing on questions con- 
cerning the interaction between shock 
intensity and shock condition in 
learning. To this end, an objective 
criterion of the arousing properties 
of the shock stimulus was required. 
Several authors (e.g., Duffy, 1957; 
Malmo, 1958; Schlosberg, 1954) have 
recently suggested that the measure- 
ment of the level of activity in certain 
physiological systems might provide 
meaningful indicants of arousal. Ex- 
periments carried out on human and 
animal Ss at McGill University and 
at the University of Montreal have 
lent concrete support to this sugges- 
tion (see Malmo, 1959). The meas- 
urement of respiration rate, palmar 
conductance, and heart rate was there- 
fore undertaken in the present inves- 
tigation in order to study the arousing 
properties of shock intensity and 
shock condition in relation to the cue 
properties of these variables in a 
learning situation. 


METHOD 


Design.—The Ss were randomly assigned 
to one of four groups, 15 to a group, ina 2X2 
factorial design. All Ss received 15 trials on a 
25-choice point ‘‘nailhead”’ finger maze. Half 
of the Ss received shocks for incorrect re- 
sponses while the other half were shocked for 
correct responses. Each of these two shock 
conditions were divided into a “high”’ in- 
tensity and a “low’’ intensity group. The 
four groups were thus high shock-right 
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(HSR), low shock-right (LSR), high shock- 
wrong (HSW) and low shock-wrong (LSW). 

Subjects—The Ss were 60 male under- 
graduates at McGill University. They were 
paid for their services at the rate of $1.00 
per hour. 

Apparatus ——A 25-choice point nailhead 
maze was constructed by imbedding 50 
copper nails in a plywood board. They 
formed two adjacent columns of 25 nails each, 
which appeared to S as a mounted board 
containing a single vertical column of 25 
horizontal pairs of nailheads. The correct 
and incorrect sequences of nailheads were 
wired in parallel, independently of each other. 
This made possible shock administration and 
the recording of all responses. Each adjacent 
pair of nailheads thus constituted a single 
choice point. The correct sequence, for all 
groups, wasL LRLRLLRRRLRR 
LioemeeRaRLL RL. 

When S touched a nailhead which was in 
the shocking circuit a condenser was dis- 
charged to his body through a large series 
resistance, which served to minimize indi- 
vidual differences in resistance. A shielded 
cable extended the shocking circuit from a 
control chamber to S’s room, where one side 
was connected to the maze (either to the 
correct or to the incorrect sequence) and the 
other side was connected to a strip of brass, 
which was wrapped around the proximal 
phalanx of S’s right index finger. A metal 
thimble, filled with electrode jelly, was placed 
on this finger. When the thimble was brought 
into contact with the shock-wired nailheads, 
the circuit was completed through S’s finger. 
Current flow, at the moment of discharge 
of the condenser was 3 ma. for the low-shock 
groups and 9 ma. for the high-shock groups. 

Testing procedure.—After a brief interview 
in E’s office, S was taken into the testing 
chamber and seated in a chair with adjustable 
arm rests. All electrodes and attachments 
were applied, except for the shocking elec- 
trodes. The testing room was a shielded 
chamber which contained a table, adjustable 
chair, and electrodes, lead wires, and chem- 
icals necessary for electrode attachment. An 
adjacent room, with a window looking into 
the testing chamber, contained all of the 
recording equipment. During the experi- 
ment, S was observed by E through the 
window, and S could be heard through an 
intercommunication system. 

In order to get an estimate of S’s level of 
physiological activity in a relatively relaxed 
condition, S was initially told that the study 
was a comparison of physiological activity 
during reading and during relaxation. After 
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a 25-min. period of magazine reading, with 
recording apparatus attached, and equip- 
ment turned on, S was asked to relax. A 
5-min. record of palmar resistance, respira- 
tion rate, and heart rate recorded during this 
session was used as a personal baseline for S. 
It was after this record had been taken that 
the learning task was introduced. Instruc- 
tions for learning were given, the maze was 
placed on the table before S, and shocking 
leads were applied. Each S had 15 trials, 
with a 1-min. interval between trials. A 
trial consisted of a single traversal of the 
complete maze, choosing one nailhead in each 
of the 25 pairs. No practice trials were given. 

Recording technique.~—Heart rate was re- 
corded by means of a continuous electro- 
cardiographic tracing taken on an Offner 
Type D electroencephalograph. A _ chest 
placement was used for the electrodes, which 
were made of cellulose sponge, saturated with 
normal saline and electrode jelly. This 
Offner output signal was recorded on a chart 
drive which contained tracings of this and 
other systems which follow, as well as the 
responses made in learning. 

The period selected for sampling physio- 
logical activity was the pretrial period. The 
experiment required an estimate of S’s level 
of arousal produced by the total situation. 
Since a specific reaction-to-shock measure 
was not desired, the posttrial period was not 
selected for study. The pretrial measure- 
ments were samples of activity occurring 
during the period roughly 10 sec. prior to each 
trial. Since the four groups were independent, 
absolute level of activity could not be used. 
An estimate of S’s resting level of activity 
had to be taken in order that S’s pretrial 
activity could be expressed in terms of a 
personal baseline. The resting level was 
estimated on the basis of pre-experimental 
samples, taken during the 5-min. resting 
period prior to the introduction of the 
learning task. 

In the case of heart rate, the pre-experi- 
mental measure was an average of five 10- 
cycle (i.e., 11 beats) samples taken at the 


end of each of the five minutes during the - 


pre-experimental “rest" period. The pre- 
trial measure was an average of the 10 cycles 
preceding the beginning of each trial. These 


3 In addition to the systems reported here, 
electromyograms were recorded from the 
superficial extensor muscles of the left (in- 
active) forearm. These measurements were 
taken for purposes other than those of the 
present study, and are not discussed in this 
paper. 
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averages were based on conversions to beats 
per minute (b/m). 

Palmar conductance was calculated from 
a continuous recording of palmar resistance. 
The circuit used was a standard comparator 
bridge, with a current varying no more than 
2% when S's resistance was in the range of 
0 to 80,000 ohms. The monopolar technique 
employed for recording resistance has been 
reported in detail by Malmo and 
(1960). 

Palmar resistance was measured in ohms 
and then converted to conductance in 
micromhos. The measurements were made 
at the beginning and end of each of the 10- 
cycle heart rate samples. There were thus 
10 measurements made during the pre- 
experimental period and two prior to each 
trial. 

Respiration rate was determined from a 
continuous recording taken with a tambour 
and pneumograph. An abdominal placement 
was used for the accordion pneumograph. 
The method used for sampling respiration was 
the same as that used for sampling heart rate, 
except that three complete inspiration- 
expiration samples were measured rather than 
the 10-cycle sample used in the case of heart 
rate. These measurements were converted 
to respirations per minute (r/m). 

In order to check on the reliability of these 
measurements, odd-even rank order correla- 
tions were calculated for each physiological 
measure, in each experimental condition. 
These were based on an average of each S's 
activity on odd trials with activity on even 
trials. In all cases except one, the resultant 
rho was greater than +.95. The one excep- 
tion was respiration rate in the HSR group, 
in which case rho was +.88. 

Treatment of data.—Since Ss received no 
practice trials, the number of errors made on 
Trial 1 was determined by chance alone 
The error score used, therefore, was total 
errors/errors on Trial 1. In this way, each 
S's score was a function of an individual 
baseline. The same technique was employed 
in calculating time scores, i.e., total time/ 
time on Trial 1. 

Each measute of physiological activity 
for every S was expressed as mean pretrial 
activity divided by mean pre-experimental 
activity. Absolute level scores were not 
appropriate since the groups were independ- 
ent. The mean pre-experimental scores were 
based on the mean of five samples taken during 
the “resting” period. 

It was felt that a measure of arousal 
should be able to differentiate between the 
high-shock Ss and low-shock Ss. Since this 


Davis 


























wor @----- @ ise 
e----- o WSR 
— wr 
a 
= wr 
& 
o 7F 
= 
& ob 
1) 
om 
= °F 
2 ab 
° 
a 
S 2} 
20 
w A. A. A. ~~ -. 
1-3 4-6 7.9 10.12 13-15 
BLOCKS OF THREE TRIALS 
Fic. 1. Errors (percentage of Trial 1) 


as a function of practice. 


has not been demonstrated for the measures 
employed in the present study, the criterion 
for the adoption of measures of arousal was 
their ability to provide this differentiation. 


RESULTS 


Learning.—As can be seen in Fig. 1, 
Group HSW made the least errors, 
Group LSW the most, while the two 
shock-right groups fell in between. 
This was the case for the time data 
as well, as is illustrated in Fig. 2. 
Table 1 presents a 2 X 2 chi square 
test of analysis of variance hypotheses 
(Wilson, 1956) for these data. In the 








TIME ( PER CENT OF TRIAL 1) 
3 











@----© se 

e--- *wse 
20k 

o—o isw 
20 oe Hw 
- 1.3 4.6 7.9 10.12 13.15 

BLOCKS OF THREE TRIALS 

Fic. 2. Time (percentage of Trial 1) 


as a function of practice. 


SAMUEL M. FELDMAN 


TABLE 1 
2 X 2 Cut SQUARE ANALYSIS OF THE EFFECTS 
OF SHOCK INTENSITY AND SHOCK Con- 
DITION ON LEARNING (TRIALS 
1-15/TriAt 1) 





Chi Square 








Source of Chi Square Errors Time 
Total 11.79° 8.8** 
Shock condition 2.4 1.1 
Shock intensity 0.0 1.1 
Interaction 9,3** 6.7** 


Note.—N = 15 Ss per group. 
* P< .01. 


case of both time and errors, neither 
shock intensity nor shock condition 
had a statistically significant effect; 
only the interaction term was signifi- 
cant. Mann-Whitney U tests (Table 
2) showed that the difference between 
the LSR and LSW groups was signifi- 
cant for time and errors (P < .05), 
LSR being the condition associated 
with superior performance. Differ- 
ences between Groups HSR and 
HSW were not statistically significant. 
When the mean time and error scores 
on Trials 11 to 15 were analyzed 
(i.e., Trials 11-15/Trial 1), the time 
data showed a clear reversal as a func- 
tion of shock intensity, Groups LSR 
and HSW being significantly faster 
than Groups LSW and HSR, respec- 
tively. Differences in this analysis for 
errors were in the same direction, but 
failed to meet statistical significance. 
TABLE 2 


U’s BASED ON DIFFERENCES BETWEEN 
GROUPS IN LEARNING 





62.0* 


| U 
Groups 

Comme | Trials 

Time Errors 
LSR-LSW | 1-15 | 64.0* | 63.5* 
HSR-HSW | 1-15 70.0 89.0 
LSR-LSW 11-15 | 46.0** 74.0 
HSR-HSW 11-15 74.0 








Note.—N = 15 Ss per group. 
*P <.05. 


eP < A. 








SHOCK IN HUMAN MAZE LEARNING 1 


~ 
uw" 


TABLE 3 


MEAN LEVELS OF PHYSIOLOGICAL ACTIVITY 


j 


. | 
Respiration Rate | 











Palmar Conductance Heart Rate 
} 














(Resp/ Min) (Micromhos) (Beats/Min) 

Group | Meas. sak. ee Ber P< ia = tee as i 
| (A) (B) | (Cc) (As) | (Be) | (C) | A (B) (C) 

Mean Mean | B/A Mean | Mean | B/A Mean | Mean | B/A 
Pre-Exp.| Pre- Trial} X 100 | Pre-Exp.|Pre-Trial| x 100 | Pre- Exp.| Pre-Trial} xX 100 
LSR | Mean | 17.1 17. 7 103.4 | 145.6 | 146.5 | 104.6 | 80.9 82.4 102.0 
SD . 2.2 7.6 47.4 | 38.3 22.4 10.7 11.4 | 5.6 
LSW | Mean | 16.3 | 18.2 | 112.7 | 149.7 | 154.3 | 103.4 76.6 | 79.3 | 103.7 
SD | 29 | 29 | 13.0| 354] 385| 129] 98 | 10.2 7.7 
HSR | Mean 16.7 | 18.7 112.8 144.6 | 163.2 | “118. 3 | 78.1 | 81. 7 | 104.7 
|S 3.0 2.8 10.8 | 49.2 33.7 26.9 | 12.5 | 14.2 | 7.8 
HSW | | Mean | 16. 7 | 18.9 | 116.6 | 126.8 158.3 | 130.2 76.6 77. 0 100.9 
: SD | 38 3.1 | 21.1 | 34.1 | 27.1 | 27.5 | 9.6 96 | 7.9 

Note.—N = 15 Ss per group. 


In looking at the effect of increasing 
shock intensity, no significant dif- 
ferences were observed for time or for 
errors between the two shock-right 
groups. Group LSW was, however, 
consistently poorer in learning than 
Group HSW;; all differences, for time 
and for errors, were statistically 
significant. 

Physiological activity.—Table 3 con- 
tains the mean levels of physiological 
activity associated with the experi- 
mental conditions. Each entry in 
Column (C) represents a mean for 
15 Ss of mean pretrial/pre-experi- 
mental samples. It was pointed out 
earlier that any measure of physio- 
logical activity which is to distinguish 
between levels of arousal was required 
to differentiate the high-shock Ss 
from the low-shock Ss. As can be 
seen in Table 4, two of the three 
measures employed met this criterion ; 
in the case of heart rate, there was no 
difference between the high-shock 
and low-shock groups.‘ In the case 


4 Malmo and Surwillo (1960), in a recent 
study of sleep deprivation, found that heart 
rate increased significantly over a 3-day 
vigil in two Ss tested, but that heart rate 
decreased significantly in a third S. Activity 


of respiration rate the difference be- 
tween the high-shock and low-shock 
groups was significant beyond the .01 
level, high shock being associated with 
faster respiration than low shock. It 
can be seen in Table 4 that the inter- 
action term for respiration rate was 
also statistically significant; this is 


TABLE 4 


2 X 2 Cut SQUARE ANALYSIS OF EFFECTS OF 
SHOCK INTENSITY AND SHOCK ConpI- 
TION ON CHANGES IN LEVEL OF 
PHYSIOLOGICAL ACTIVITY 





| 
| Respiration | | Heart 





Source of Palmar 

Chi Square | Rate Cc ‘onductance Rate 
Total | 12.00*** | 5.60* | 1.33 
Shock condition | 1.07 1.07 | 0.27 
Shock intensity 6.67** 4.27* | 0.00 
Interaction 4.26* 0.99 | 1.06 


Note. ry = 15 Ss per group. 
*P< 

oP < ry 

+ P < 001. 








in other physiological measures suggested 
that all three Ss increased in overall level of 
arousal as a result of the vigil. Heart rate, 
thus, may be an indicant of arousal through 
an increase in some Ss, and through a de- 
crease in others. Further study, both of Ss 
and experimental conditions in relation to 
heart rate, is needed. 
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due to the fact that the low-high dif- 
ference was much greater in the case 
of shock-right than in the case of 
shock-wrong (Table 3). 

Palmar conductance also met the 
above cited criterion. High shock 
was associated with greater conduct- 
ance than was low shock. Table 4 
shows this difference to be significant 
beyond the .05 level. Only heart 
rate failed to meet this criterion, and 
was therefore rejected as a measure 
of level of arousal in studying the 
shock conditions. 

Wilson’s 2 X 2 chi square test of 
analysis of variance hypotheses showed 
that the differences between shock 
conditions failed to meet statistical 
significance. The direction of the 
differences showed shock-wrong to be 
associated with higher levels of palmar 
conductance and respiration rate than 
shock-right. But these differences 
were not significant. 


DISCUSSION 


The many experiments in which hu- 
mans and rats have been shocked for 
correct responses in learning have dem- 
onstrated that shock can act as a general 
facilitating mechanism. This is con- 
sistent with recent statements on the 
role of arousal in behavior (see Hebb, 
1955; Malmo, 1959; Schlosberg, 1954). 
Muenzinger and Baxter (1957), in their 
investigation of the perceptual proper- 
ties of shock, argued that shock-right 
learning could not be accounted for 
simply in terms of anxiety reduction 
(Mowrer, 1950; Prince, 1956). The 
present experiment represents an _ in- 
vestigation of the arousing properties 
of the shock stimulus, in relation to the 
work of Muenzinger and his colleagues. 

In an early paper, Muenzinger, Bern- 
stone, and Richards (1938) spoke of the 
operation of both general and specific 
mechanisms in the use of shock. They 
assumed that more than one mechanism 
was operating, and that the specific 
mechanism (which Muenzinger and Bax- 
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ter later concluded was primarily per- 
ceptual) did not contribute to the general 
one in an additive fashion. The data of 
the present experiment are consistent 
with this view, in that shock intensity 
was seen to be accompanied by differ- 
ences in level of physiological activity, 
while differences in shock condition 
were not.° 

In their report, however, Muenzinger 
and Baxter assumed that shock-wrong 
was consistently a better condition for 
learning than was shock-right.. The 
data of our experiment show, on the 
contrary, that shock-right was the su- 
perior condition for learning when the 
shock intensity was relatively low. 
When shock intensity was relatively 
high, this was not the case; some meas- 
ures of learning showed no significant 
difference, and others showed _ shock- 
wrong to be the superior condition. In 
all cases, the direction of difference 
favored shock-right at low intensity 
and shock-wrong at high intensity. 

Muenzinger and Baxter further as- 
sumed that once the initial aversion 
to shock was overcome by shock-right 
Ss, they would then regard the shock, 
and all cues associated with it, as cues 
for approach behavior. In addition to 
this, they felt that this would serve to 
equalize the two conditions, and no dif- 
ferences would then be observed between 
shock-right and shock-wrong groups. 
Our data suggest that once the initial 
aversion to shock is overcome, shock- 
right, having the advantage of the shock 
and cues associated with it as signals 
for approach behavior, becomes the 
better condition for learning. This 
happened early in the case of Group 
LSR, but late in the case of Group HSR, 


5A note of caution must be introduced 
with respect to the lack of significance of 
difference in respiration rate and palmar 
conductance between the shock-right and 
shock-wrong groups. All groups were inde- 
pendent, which is not an optimal condition 
for the study of differences in physiological 
activity due to experimental conditions, since 
the variance from S to S is considerable in 
these measures. The large variances in the 
present study could, conceivably, have led 
to a Type II error. 
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resulting in the interaction between 
shock condition and shock intensity in 
learning. (Actually this failure to over- 
come the initial aversion to shock was 
quite varied in Group HSR, as was 
evidenced by the fact that the variance 
in this group, both for time and for 
errors, was significantly greater than for 
any other group.) 

The data suggest, in summary, that 
the increased facilitating effect of in- 
creased shock, evident in the shock- 
wrong groups, was not evident in the 
shock-right groups due to the fact that 
the initial aversion to shock was over- 
come sooner in Group LSR than in 
Group HSR. 

The present study thus supports the 
suggestions of Muenzinger and Baxter 
on the dual function of the shock stim- 
ulus. The interaction in the learning 
data, however, leads to a further conclu- 
sion: namely, that shock-right is the 
superior condition for learning after the 
initial avoidance tendencies are over- 
come, and it is perceived as a signal for 
approach behavior. This occurs sooner 
in the case of the low-shock Ss than in 
the case of the high-shock Ss. 


SUMMARY 


The main purpose of the present study 
was to investigate the role of shock in learning 
with reference to the problem of shock-right 
vs. shock-wrong. Four independent groups 
of 15 Ss each learned a “‘nailhead”’ finger maze. 
Shock intensity (‘“‘low”’ and “‘high’’) and shock 
condition (“right”’ and “wrong’’) were varied 
in a 2 X 2 factorial design. The results were 
consistent with previous findings in showing 
that shock-right was the superior condition 
when the intensity was low, but that shock- 
wrong tended to be the superior condition 
when the intensity of the shock was relatively 
high. 

Continuous recordings of respiration rate 
and palmar conductance served to gauge the 
level of arousal produced by the experimental 
conditions. There was a significant difference 
in level of physiological activity accompany- 
ing the different intensities of shock in the 
present study, high shock being associated 
with higher levels of activity than low shock. 
No significant differences were found between 
physiological activity associated with shock- 
right (shock intensity constant) and that 
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associated with shock-wrong. It appears, 
therefore, that the differential effects of shock 
on these two conditions cannot be accounted 
for in terms of an inherent difference in 
arousal level between the two conditions. 
Rather, it is suggested that the differential 
effects be interpreted in terms of Muenzinger 
and Baxter's suggestion that shock-right and 
shock-wrong are accompanied by differences 
in the perceptual role of shock. 
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RESPONSE LATENCY AS A FUNCTION OF SIZE 


OF 


GAP IN THE ELEVATED RUNWAY 


DAVID BIRCH, L. THOMAS CLIFFORD,! anp JULIE BUTTERFIELD ? 


University of Michigan 


Motivated rats required to loco- 
mote from an approach platform to 
a goal platform to obtain a goal object 
may be expected to vary in their 
response latency as a function of the 
extent of the gap separating the two 
platforms. The present study in- 
cludes two experiments designed to 
yield information relevant to the 
theoretical interpretation of the effect 
of the size of gap on response latency. 
In Exp. I, three experimental manipu- 
lations, time of water deprivation 
(Tp), size of gap (G), and amount of 
training (N) are imposed and the 
pattern of interactions arising from 
the effects of these three manipula- 
tions, E(Tp), E(G), and E(N), is 
under investigation. In Exp. II, an 
implication of the hypothesis that the 
gap elicits responses incompatible 
with the approach to the goal platform 
is tested. 

EXPERIMENT I 


Each S, under either 20 or 4 hr. 
water deprivation, crossed both a 
large and small gap to water an equal 
number of times each day, and this 
combination was repeated on each 
of 18 successive days with response 
latency (L) as the measure. This 
procedure results in a three dimen- 
sional factorial design of Lindquist’s 
Type VI (Lindquist, 1953). 


Method 


Subjects—The Ss were 30 female pig- 
mented rats from the University of Michigan 


1 The second author participated in Exp. I 
while holding an NSF Cooperative Fellowship. 

2Experiment II is taken from a senior 
honors thesis prepared by the third author 
under the direction of the first author. 


Psychology Department colony, approxi- 
mately 260 days old at the beginning of the 
experiment. 

Apparatus.—A two platform, all black, 
elevated runway previously described (Birch, 
Ison, & Sperling, 1960) was employed. The 
two platforms are approximately 3 ft. above 
floor level and enclosed in separate homo- 
geneous black chambers, independently il- 
luminated. A 10-w. bulb mounted on the 
wall of the approach chamber 3} ft. above 
the terminal end of the approach platform 
provides dim light for this chamber and 
prevents stray light from entering the goal 
chamber. In crossing the approach platform 
(12 in. long and 3 in. wide), S breaks a photo- 
electric beam which turns on overhead 
illumination of 5.29 ft-L in the goal chamber. 
The beam is located 1 in. from the end of the 
approach platform so that the goal platform 
with its accompanying gap is not visible to 
S until S is in close proximity to it. A 
manually operated guillotine door prevented 
retracing. The latency of response was meas- 
ured by a Standard Electric clock from the 
onset of the goal chamber illumination until 
S removed its weight from the approach 
platform. 

The gap manipulation was imposed by 
placing a goal platform, 18 in. long and 3} in. 
wide, 1 in. from the approach platform for the 
small gap condition and by placing a platform, 
15 in. long and 33 in. wide, 4 in. from the 
approach platform for the large gap condition. 
Thus, for both the small and large gap the 
terminal end of the goal platform was 19 in. 
from the approach platform. In addition, 
the goal platform was 1} in, below the height 
of the approach platform in both gap condi- 
tions. A } tsp. aluminum measuring spoon, 
attached to the end of the goal platform and 
out of the sight of S from the approach 
platform, served as the goal cup. 

Procedure.—All Ss_ received extensive 
handling and pretraining under food depriva- 
tion with food reward prior to the experiment. 
An elevated runway routinely used for pre- 
training in the laboratory was employed. 
The Ss were then placed on a 22} hr. water 
deprivation schedule with ad libitum drinking 
for 14 hr. for six days and trained on the last 
four days to drink from the goal cup attached 
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to a grey platform located in the goal chamber 
of the apparatus. Four Ss were discarded 
for failure to drink within 5 min. on any one 
of four test trials given on Day 4. 

During the experiment S received six 
trials a day with the two sequences of small 
and large gap conditions, SLLSLS and 
LSSLSL, alternated from day to day. Every 
trial terminated with S drinking 3 drops of 
water, and the intertrial interval was ap- 
proximately 20 min. Training continued for 
18 days. One group of 13 randomly selected 
Ss was trained under 20 hr. deprivation and 
a second group under 4 hr. deprivation. 
Food was available at all times in the living 
cages. 


Results 


Acquisition data for the four com- 
bined conditions of Tp and G over 
the 18 days of training are shown in 
Fig. 1 and 2. Because of noticeably 
slower latencies on the initial trials 
of each day, only the last four trials 
of a day are considered. Two latency 
transformations, reciprocal latency, 
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or response speed (RS), and log 
latency (LL), were employed. Figure 
1 presents the mean RS for the two 
trials appropriate to each condition 
on each day while Fig. 2 presents the 
corresponding mean LL data. 

The two figures show effects at- 
tributable to training, deprivation, 
and gap for both transformations. In 
addition, for RS the gap difference is 
close to but slightly smaller for 20 
hr. thirst than for 4 hr., and for LL 
the gap difference is considerably 
smaller for 20 hr. than for 4 hr. The 
18 days of training were grouped into 
three periods of six days for purposes 
of statistical analysis. 

Table 1 summarizes the analyses 
of variance for RS and LL. Both 


transformations show all three main 
effects to be highly significant. Of 
major interest, however, is the GX Tp 
interaction. 


This interaction is non- 
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Fic. 2. Mean log latency as a function of the size of gap and the 
degree of water deprivation. 


significant for RS (P > .20, F = 1.68, is nonsignificant for LL (P > .10, 
df = 1/24) but highly significant for F = 1.78, df = 2/48) but highly sig- 
LL (P < .001, F = 15.08, df = 1/24). nificant for RS (P < .001, F = 9.02, 
In addition, the Tp X N interaction df = 2/48), and the GXN and 


TABLE 1 
ANALYSES OF VARIANCE OF RESPONSE SPEEDS AND LoG LATENCIES 


| 


Response Speed Log Latency 
Source df - - 
MS F MS I 
Between Ss 25 
Deprivation (Tp) 1 2972.0 10.10** 7.6711 15.94*** 
Error (b) 24 294.1 4813 
Within Ss 130 
Gap (G) 1 342.0 92.68*** 1.9071 74.30*** 
Training (N) | 2 | 454.4 | 20.19*** 1.1639 19.22*** 
GXN | 2 0.4 <1 .0043 <1 
G X Tp | 1 6.2 1.68 3870 | 15.08*** 
Tp X N 2 203.1 | 9.02*** .1078 1.78 
G X Tp X N 2 3.2 2.33 .0223 1.86 
Error (w) | 120 
Ey 24 3.7 | .0257 
E. | 48 22:5 | 0606 
E, | 48 1.4 0120 
** P = O01, 
7 P = 001. 
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TABLE 2 


SUMMARY OF PREDICTIONS FROM THI 


THREE HYPOTHESES FOR RESPONSE SPEED 


AND LoG LATENCY 


Response Speed 


Source | 
Hyp. 1 Hyp. 2 
GXN . x a 
G X Tp | If(Tp)» 
Tp X N If(N) If(N) 
GX Tp X N . . 


* —-indicates no interaction. 


» Effect of first factor is indicated as an increasing, I, 


G X N X Tp interactions are 
significant for both RS and LL. 


non- 


Three hypotheses in the form of dif- 
ferent mathematical combinations of 
E(Tp), E(G), and E(N) are proposed for 
evaluation in terms of the results of 
Exp. I. Stated both in RS LL 
form these hypotheses are as follows: 


and 


Hypothesis 1 is: 
RS = E(Tp)|E(N ) — E(G)] 
and 


LL = — logE(Tp) — log[E(N) — E(G)] 


Hy pothesis 2 is: 


RS = E(Tp)E(N) E(G) 


and 
log LE(Tp) E(N) E 
and Hypothesis 3 is: 


RS = E(N)LE(Tp) E(G) ] 


and 


- log LE(Tp) 


E(G) ] 


\ reciprocal relation between response 
latency and the effects of experimental 
manipulations, implied by all three 
hypotheses, has a precedent in the as- 
sumptions of Hull (1943) and the deriva- 
tions of Estes (1950) and Spence (1954), 
at least for E(N). 

Assuming E(Tp), E(G), and E(N) to 
be some unspecified monotonically in- 


creasing functions of Tp, G, and N, 


respectively, all three hypotheses predict 





or decreasing 


Log Latency 


Hyp. 3 Hyp. 1 Hyp. 2 Hyp. 3 
If(N) Df(N) Df(N) - 
Df (Tp) Df (Tp) 
If(N) Df(N) 
— Df(N) 


D, function of increases in the second factor. 


greater RS and lesser LL for greater 
values of Tp and N and for lesser values 
of G. The results of Exp. I 
support these predictions. 

Table 2 contains a summary of the 
predictions concerning the interactions 
among Tp, G, and N derived from the 
three hypotheses for RS and LL. Con- 
sider the G KX TpandG X N predictions 


clearly 


for RS. Let E(G,) E(Gs) and let 
RS; and RSs» be associated with G,; and 
G2. Then, for Hyp. 1, (RS; — RS:) 


= E(Tp)[E(Gz) — E(G;)]; for Hyp. 2, 
(RS; — RS.) = [E(G2) — E(G,)]; and 
for Hyp. 3, (RS; — RS2) = E(N)[E(G2) 
— E(G;)]. Thus, for RS Hyp. 1 pre- 
dicts a G X Tp interaction while Hyp. 2 
and 3 predict no such interaction. In 
addition, Hyp. l and 2 predict noG KX N 
interaction while Hyp. 3 predicts such an 
The directions of the inter 
action effects are that greater Tp leads 


interaction. 


to a larger gap difference effect under 
Hyp. 1 and that greater N gives a larger 
gap difference effect under Hyp. 3. 

Now (LL. LL) for the 
three hypotheses. Hypothesis 1 yields: 


LL.) =1 E(N) — E(G;,) 
“a” ~* 1 BIN) — E(Ge 


consider 


(LL2 


Hyp. 2 results in: 


(LL: — LL) 


= log 


and Hyp. 3 yields: 


(LL. — LL) = log 


E(Tp)E(N) — E(Gi) 
E(Tp)E(N) — E(Gz2) 


E(Tp) — E(G,) 
E (Tp) — E(Ge) 
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Thus, for LL Hyp. 1 predicts no G K Tp 
interaction while Hyp. 2 and 3 predict 
an interaction, and Hyp 1 and 2 predict 
a GXWN interaction while Hyp. 3 
predicts no interaction. The directions 
of the interaction effects are that greater 
Tp leads to a smaller gap difference 
effect under Hyp. 2 and 3and that greater 
N yields a smaller gap difference effect 
under Hyp. 1 and 2. Similar derivations 
can be carried out for the three hypoth- 
eses under the two latency transforma- 
tions with respect to the predicted 
Tp X N and G X Tp X N interactions. 

The results for the G X Tp interaction 
clearly favor Hyp. 2 and 3 over Hyp 1. 
Not only is the G X Tp interaction non- 
significant for RS but the direction of the 
difference in the obtained gap effect for 
20 and 4 hr. thirst is opposite to that 
predicted by Hyp. 1. Hypotheses 2 and 
3 predict the nonsignificant GX Tp 
interaction for RS, the significant GX Tp 
interaction for LL, and the smaller LL 
gap differences for 20 hr. thirst than for 
4 hr. 

A decision between Hyp. 2 and Hyp. 3 
is more difficult. The overall pattern 
of results in comparison with the predic- 
tions appears to favor Hyp. 3. Most 
damaging to Hyp. 2 is the failure to 
obtain significance for the GX N and 
the Tp X N interactions with LL as 
predicted. The obtained G X N effect 


does agree in direction with Hyp. 2, 
but the obtained Tp X N effect does 
not. The predictions from Hyp. 3 
disagree with the data only in the 
G X N interaction for RS where the 
direction of differences is correct but 


nonsignificant. 

The results of Exp. 1 strongly suggest 
that the effect of a gap on 
speed is independent of the degree of 
thirst, at least for 


response 


the conditions em- 
ployed in the experiment. Whether the 
gap effect changes with training, as 
implied by Hyp. 3, or is independent of 
training, as implied by Hyp. 2, is less 
clearly answered by the experiment. 
Exp. II was designed to obtain replica- 
tion data on this point and also to inquire 
about possible stimulus 
the gap. 


properties of 
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EXPERIMENT I] 


The major hypothesis under exami- 
nation in this experiment is that the 
gap elicits responses which result in a 
reduced tendency to approach the goal 
platform. A straight, elevated run- 
way with either a large gap or a small 
gap imposed between the approach 
and goal platforms on each trial was 
used. 

According to the hypothesis, a large 
gap stimulus should result in re- 
sponses with stronger decremental 
effects than a small gap stimulus and 
these should tend to 
come conditioned to the stimuli of the 
goal platform. By making the ap- 
proach platform and the goal plat- 
form alike in ve 
black) for the large gap and alike in 
another brightness (e.g., 
the gap, an opportunity is 
provided for the two brightness stim- 
uli to become differen- 
tially to the two sets of interfering 


responses be- 


one bright ness (e.g 


white) for 
small 


conditioned 


responses and to elicit these responses 
differentially on the approach plat- 
form. Thus, a result consistent with 
the hypothesis would be that, as 
training continues, the response time 
on the approach platform prior to the 
small gap drops below the correspond- 
ing time prior to the large gap, even 
though the gap stimuli themselves 
are not visible in this section of the 
runway. 

The experiment also includes repli- 
cation data relevant to a 
between the adequacy of Hyp. 2 and 
Hyp. 3 as presented in Exp. I. 


decision 


Method 


Subjects—The Ss were 16 experimentally 
naive female pigmented rats from the same 
colony as those in Exp I, approximately 
120 days old at the beginning of the experi- 
ment. Two Ss were discarded for failure to 


run on the second day of training. 
Apparatus.—An elevated runway similar 
Three platforms, 


to that of Exp. I was used. 
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start, approach, and goal, were housed in 
separate chambers to permit control of the 
presentation of the platform stimuli to S. 
The dimensions of the start, approach, and 
goal platforms were 3 in. wide by 12 in., 24 in., 
and 18 in. long, respectively. 

The arrangement of photoelectric beams 
and microswitches under the platforms pro- 
vided measures of the time taken by S to 
traverse the approach platform and to 
cross from the approach to the goal platform. 


TABLE 3 


ANALYSIS OF VARIANCE OF RESPONSE SPEEDS 
ON APPROACH PLATFORM 


Source df MS F 
Between Ss 13 
Groups (Gr) 1 74.7 3.14 
Error (b) : 23.8 
Within Ss | 154 | | 
Gap (G) | 1 | 43.4 | 22.77*** 
Training (N) | 5 | 11.8 | 1.86 
GXN | 5 3.9 | 4.36** 
G X Gr 1 5.0 | 2.60 
Gr X N 5 2.2 <i 
GxXGrxN 5 0.4 | <1 
Error (w) |} 132 
E> 60 | 6.3 | 
E; | 60) 09 | 
oP = 01. 


Raising a guillotine door permitted S to leave 
the start platform and also activated three 
Standard Electric clocks. The first clock 
stopped when S placed its weight on the ap- 
proach platform, the second clock stopped 
when S broke a photoelectric beam 1 in. from 
the end of the approach platform, and the 
third clock stopped when S placed its weight 
on the goal platform. Breaking the photo- 
electric beam also illuminated the goal 
chamber. The approach platform latency 
was given by the difference in readings from 
the first and second clocks, and the gap cross- 
ing latency by the difference from the second 
and third clocks. 

The S stepped down 1 in. from the start 
to the approach platform and another 1 in. 
from the approach to the goal platform. 
Under the small gap condition the goal plat- 
form was adjacent to the approach platform 
while the two platforms were separated by 
3 in. for the large gap condition. Two sets, 
black and white, of start, approach, and goal 
platforms were used. 

Procedure.—The Ss were placed on a 22 hr. 
food deprivation schedule and allowed to 
eat for 1 hr. for 22 days prior to the experi- 
ment. Preliminary training consisted of 2 
days handling, followed by 14 days running 
on the pretraining elevated runway with 
food available and 6 days of placing and 
eating on the goal platforms of the apparatus. 

During the experiment Ss received six 
trials a day with four sequences of small and 
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large gap conditions, SLSSLL, SSLLSL, 
LLSSLS, and LSLLSS, repeated over the 
24 days of training. For Group A (N = 8) 
all three platforms were black under the large 
gap condition and white under the small gap 
condition. Group B (N = 6) received the 
opposite pairing of the platform brightnesses 
with the gap conditions. Each trial termi- 
nated with S eating two small pellets of 
laboratory food (.1 gm.) from a recessed food 
cup at the end of the goal platform. The 
intertrial interval was approximately 8 min. 


Results 


Figure 3 shows the mean response 
(reciprocal latency X 10) on 
the approach runway for Groups A 
and B combined under the small and 
large gap conditions over the 24 days 
of training. The middle four trials 
of each day were used to compute 
all mean values. These data indicate 
that response speed is not different 
for the two gap the 
beginning of training becomes 


speed 


conditions at 
but 


relatively faster under the small gap 


condition than under the large gap 
condition as training continues. Thus, 
over the period of training the differ- 
ential pairing of the black and white 
platforms with the two gaps produces 


TABLE 4 
MEAN RESPONSE SPEED AND MEAN LoG 
LATENCY OF GAP CROSSING FOR 
Groups, Gap ConpDITIONS, 
AND TRAINING 


Training 

Group 
Ill I\ 
ponse Six ed 


Reciprocal Latency X 


Small 
Large 
Small 
Large 


1.11) 1.20 
1.55 1.66 

98 1.03 
1.20 1.26 


different response speeds on the 
proach platform prior to the actual 
presentation of the gap condition. 

A summary of the analysis of 
variance on these data is presented in 
Table 3. Of particular interest are 
the significant values obtained for 
the Gap main effect (P < .001) and 


TABLE 5 


ANALYSES OF VARIANCE OF RESPONSE SPEEDS AND LOG LATENCIES 
or GaP CROSSING 


Response Speed 


Source 


Between Ss 
Groups (Gr) 
Error (b) 

Within Ss 
Gap (G) 
Training (N) 
GXN 
G X Gr 
N X Gr 
G XN X Gr 
Error (w) 


tr me 


w 
Nm He eh a 


—_ 


SS 





Log Latency 


5.1244 
.7988 


6.42* 


5.1345 | 188.77*** 
0941 6.47*** 
0043 
.2242 
0784 
0057 


<1 

8.24* 
<1 
<1 


.0272 
.1690 
0183 
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G X N interaction 
findings being consistent 
hypothesis of Exp. II. 

Mean response speed and mean log 
latency over blocks of 4 days for 
gap crossing for Groups A and B are 
given in Table 4. Table 5 presents 
the summary of the analyses of vari- 
ance on these data. The main effect 
for gap is highly significant both for 
RS (P < .001), and for LL (P <.001), 
but the G X N interaction fails to 
reach significance under either latency 
transformation. Examination of Ta- 
ble 4, however, shows a trend for 
greater gap effect differences in RS 
with increased training similar to that 
found in Exp. I. 


(P < 01), 
with 


both 
the 


DISCUSSION 


The replication data of Exp. II on the 
GXwN inconclusive. 
The finding of both experiments is that 
no significant G X N effect was obtained 
for RS or LL, but in each there is the 
suggestion that the gap differences may 
increase with training for RS, as pre- 
dicted by Hyp. 3. In view of the small 
F values obtained for the G X N inter- 
action in the two experiments, support- 
ing the lack of appearance of any strong 
effect in Fig. 1, it would appear more 
desirable to collect additional data 
oriented specifically to this problem 
rather than exploit the present data with 
further analyses. 

A final caution in the interpretation 
of the three hypotheses is warranted. A 
more complete mathematical statement 
of the latency of response should include 
the time required to carry out the re- 
sponse, given that it is elicited (Spence, 
1954). The present three hypotheses 
are not intended to include this latency 
component and are adequately tested in 
the present experiments only under the 
assumption that its effect is negligible. 
This assumption is more clearly justified 
in Exp. I where the gap crossing latency 
was measured from the onset of the goal 
chamber illumination to Ss leaving the 


interaction are 
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approach platform rather than to Ss 
reaching the goal platform as in Exp. II. 


SUMMARY 


Two experiments obtained data relevant 
to the theoretical interpretation of the effect 
of size of gap on the response latency of rats 
in a straight elevated runway. In Exp. I, 
time of water deprivation (Tp), size of gap 
(G), and amount of training (N) were com- 
bined factorially, and the form of the mathe- 
matical expression relating the effects of these 
manipulations, E(Tp), E(G), and E(N), to 
response speed (RS), the reciprocal of the 
response latency, examined. Three 
mathematical combinations of E(Tp), E(G), 
and E(N) were proposed and tested by using 
both a reciprocal and a logarithmic trans- 
formation on the latencies. Hypothesis 1, 
RS =E(Tp)[E(N) —E(G)], was found inade- 
quate and the total pattern of results seemed 
to favor Hyp. 3, RS=E(N)[CE(Tp) —E(G)], 
over Hyp. 2, RS = E(Tp)E(N) — E(G). 

In Exp. II it was hypothesized that the 
gap elicits responses that produce a decre- 
mental effect on the tendency to approach 
the goal platform. Under this hypothesis it 
was expected that two degrees of interfering 
responses arising from the large and small 
gaps could be conditioned differentially to two 
sets of stimuli and that these two degrees of 
interference could be exhibited in the absence 
of the gap stimuli themselves. The results 
supported the hypothesis in that, as training 
continued, the response time on the approach 
platform prior to the small gap fell below 
the corresponding time prior to the large gap, 
even though the gap stimuli themselves were 
not visible in this section of the runway. 


was 
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THE RELATIONSHIP BETWEEN THE GALVANIC 


SKIN 


RESPONSE, VASOCONSTRICTION, 


AND TACTILE SENSITIVITY ! 


ROBERT 


w Uni 


ISIN 


Ss 


ie atien- 


In the last ac 
tion has been givei 


lhiere 
to the screening 
action or selectivity which the central 
nervous system exerts over the intake 
of environmental events (Lindsley, 
1956; Livingston, 1959). These inves- 
tigations have concerned two mech- 
anisms of screening: (@) by control 
of the sensitivity of receptors, and (0) 
by a selective action in the more 
central of the arriving 
signals either at the sensory nuclei 
or at higher relay stations such as the 
thalamus (King, Naquet, & Magoun, 
1957). Central control the 
threshold of peripheral receptors or 
primary synapses by tonic bombard- 
ment along efferent fibers has been 
demonstrated in the case of muscle 
spindles by Granit and Kaada (1952) 
and by Hagbarth and Kerr (1954), 
in the case of the vestibular system 
by Gernandt and Thulin (1955), the 
retina by Granit (1955), olfactory 
receptors by Kerr and Hagbarth 
(1955) and by Tucker and Beidler 
(1956), and tactile receptors by Loe- 
wenstein (1956b). Another mecha- 
nism for control of peripheral recep- 
tion is exemplified in the contraction 
of the of the middle ear, 


processing 


over 


muscles 
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dlege of Medicine 
with an ensuing reduction of auditory 
sensitivity either in response to loud 
sounds (Galambos & Allen, 1958) 
or following reticular stimulation 
(Hugelin, Dumont, & Paillas, 1960). 
A related group of studies deals 
with the screening mechanism on an 
integrated behavioral basis. Demon- 
stration of selectivity as a consequence 
of focus of attention is described in 
the oft-cited experiment of Hernan- 
dez-Peon and his co-workers (1956), 
recently challenged in part by Hugelin 
et al. (1960), who showed that atten- 
tion by an unanaesthetized cat to 
mice, fish odors, and electric shocks 
reduced the cochlear nucleus poten- 
tials evoked by clicks. Additional 
evidence for the role of attention in 
modifying sensory intake is seen in 
the work of Callaway (Callaway & 
Dembo, 1958) and supported in ar 
investigation by Lacey (1959). 


a 


Chese 
authors indicate that central activity 
will tend to regulate the degree to 
which the organism is receptive to 
specific aspects of the environment 
peripheral central i 
terms of space, time, meaning 
(Callaway & Dembo, 1958), or to its 
environment a whole (Lacey, 
1959). Also in the area of focus of 
attention is the effect of warning on 
visual and auditory threshold, the 
minimum threshold occurring some 
short interval after a warning signal 
(Howarth & Treisman, 1958). 

It was with regard to the possible 
control of the sensitivity of receptors 
that the original investigation 
tactile sensitivity was undertaken at 


to attention in 


or 


as 


of 
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Fic. 1. Recording of tactile threshold and 
GSR. (Upper trace: continuous line indicates 
intensity of vibration; vertical lines indicate 
when S perceived stimulus. Stimulus trace: 
vertical lines indicate 1-sec. stimulus delivered 
to S. Time line, t, 10 sec. Calibration line 
at end of threshold trace indicates a change 


of 2 db.) 


this laboratory. Darrow (1933) had 
suggested that the galvanic skin re- 
sponse (GSR) is a means by which 
the organism facilitates grasping by 
the secretion of sweat which moistens 
the skin and thereby mechanically 
increases the tactile sensitivity. It 
was thought by the present author 
that if tactile sensitivity were in 
fact related to GSR activity, the 
mechanism might be a direct sen- 
sitizing of peripheral receptors by 
sympathetic efferents rather than a 
mechanical consequence of sweating. 
Preliminary experiments (Edelberg 
& Burch, 1958) indicated first, that 
there was clearly a relationship be- 
tween GSR and tactile sensitivity, 
the threshold usually falling as GSR 
activity increased, and secondly, con- 
trary to Darrow, that moisture played 
no part in this phenomenon since the 
results were as easily demonstrated 
when the skin was under water as 
when it was dry. These first experi- 
ments had been carried out under 
conditions in which large GSRs were 
elicited after a baseline of low auto- 
nomic activity had been reached. 
When conditions were altered to 
allow greater baseline activation of 
the subject, the correlation, though 
manifest, became considerably less 
impressive, and doubt was cast upon 
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the initial interpretation that. the 
GSR might be a by-product of the 
arrival of nerve impulses serving to 
sensitize tactile receptors. Rather, 
the GSR may simply have been 
reflecting changes in central arousal 
which in turn influence tactile sensi- 
tivity. Further experiments have 
been conducted to help resolve this 
question and to extend the observa- 
tions to cover concomitant vasomo- 
tive activity; the results are reported 
in this paper. 


METHOD 
Apparatus 


Electrode application, masking of a fixed 
area, use of a constant current source, and 
GSR recording equipment were similar to 
those reported elsewhere (Edelberg, Greiner, 
& Burch, 1960) except that K-Y surgical 
jelly was used as the contact medium. The 
plethysmograph consisted of a water-filled 
chamber maintained at 30°C. coupled to a 
volume-sensitive electrical transducer having 
a full-scale sensitivity of 40 mm*. 

Weitz (1939) and Geldard (1940) have 
presented evidence to show that the responses 
to vibration and gentle pressure are mediated 
by the same sensory system. Consequently, 
for reasons of convenience, 1-sec. transientless 
pulses of 250-cps vibration were presented 
as tactile stimuli. These were produced by a 
phonograph cutting head fitted with a blunt 
probe and resting on the palmar skin of the 
distal segment of the index finger with a con- 
stant force of 1 gm., this being achieved by a 
counterbalanced lever and pivot arrangement. 
The end of the probe was spherical and was 
2.6 mm. in diameter. The variable ac voltage 
from the oscillator was monitored, rectified, 
and recorded. The stimulus level was thus 
written out as a continuous curve (Fig. 1), 
but only at the instants marked by the signal 
on the lower trace was an automatically 
timed pulse delivered to the cutting head. 
All switching operations were noiseless. The 
calibration was accomplished with a General 
Radio Type 1551-A sound level meter fitted 
with a General Radio vibration pickup, 
Type 759-P35. Vibration intensity could 
be varied from 25 to 40 db. (re .0002 micro- 
bar), the zero current background vibration 
being 25 db. In most cases the threshold 
was around 30 db., varying between 26 and 
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36 db. A range switch allowed selection of 
several intensity ranges, each of which started 
at 25 db. (RMS amplitude = .45 4y), i.e., 
with zero current to the cutting head. 


Subjects and Procedure 


The Ss were 28 paid volunteers of both 
sexes with age range from 18 to 36 yr., all 
naive except 2 (identified in Table 1). The 
S was told that the experiment was for the 
purpose of measuring touch sensitivity, and 
that the electrodes and plethysmographic 
chamber were for studying other measures 
at the same time. Gain was adjusted so that 
the GSR in response to a rapid maximal deep 
breath approximated full scale deflection. 
Tactile stimuli without cue were presented at 
approximately 2-sec. intervals. If S per- 
ceived the vibration, he depressed the foot 
switch which recorded a vertical line on the 
stimulus trace and which also signaled E who 
sent the next pulse at a lower intensity. If 
the stimulus was not perceived, E increased 
the intensity before delivering the next pulse. 
After a training and equilibration period 
which usually took about 20 min., the actual 
tactile testing would procede uninterruptedly 
for a minimum of 5 min. or until a 5-min. 
sequence at the same stimulus range setting 
could be obtained. A 250-cps masking tone 
from a loud-speaker insured that S could not 
hear any vibration from the cutting head 
probe. At random intervals, S was startled 
by a noise or was asked to sniff sharply or to 
take a deep breath. Not more than 3 auto- 
nomic responses were thus deliberately elicited 
during the 5-min. period. Autonomic ac- 
tivity was otherwise spontaneous, no special 
effort being made to wait for fullest relaxation 
and minimum GSR activity as in the earlier 
series. The external stimulus, however, was 
maintained at a low level with regard to 
noises and movements. 


Treatment of the Data 


GSR amplitudes were measured in terms 
of resistance change from onset to peak of the 
wave, waves less than 75 full scale (see pro- 
cedure) being disregarded. Two measures of 
vasomotor activity were used: pulse volume 
(volume change from trough to peak of a 
pulse wave) and relative volume (absolute 
volume minus an unmeasured constant). 
Averages were obtained for 15-sec. periods 
by a graphical method of interpolation. 

Tactile thresholds were determined sepa- 
rately for appropriate portions of a 15-sec. 
period and the results averaged on a time- 
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prorated basis. Pen deflections were pro- 
portional to decibels and were used in sta- 
tistical analyses without conversion. The 
threshold for any interval of 15 sec. was 
determined as follows: If a perceived stimulus 
was both preceded and followed by an un- 
perceived stimulus at a slightly lower level, 
the level of the perceived stimulus was taken 
as the threshold. If a perceived stimulus 
was preceded by an unperceived stimulus, 
but followed by two or more perceived stimuli 
of decreasing intensity (e.g., first major fall 
in threshold, Fig. 1) it was assumed that the 
method of search may not have allowed for 
determination of the new threshold in as short 
a time as it was actually lowered. Tests in 
which E decreased intensity in large steps 
showed this assumption to be valid. Con- 
sequently, the lowest perceived stimulus in 
this train within the 15-sec. period was taken 
as the level back to the first perceived stim- 
ulus. On a similar experimental basis, if a 
perceived stimulus was followed by an un- 
perceived stimulus, and this unperceived 
stimulus followed by a train of unperceived 
stimuli of increasing intensity, it was assumed 
that the threshold for this. period of no re- 
sponse was the level of the first perceived 
stimulus following this train. If this 15-sec. 
period ended prior to the perception of a stim- 
ulus, the highest stimulus of the train within 
the period was taken as threshold back to the 
first unperceived stimulus of the train. 

Although all data were written out on the 
same record, the analysis of each variable 
was accomplished by separate Os with the 
remaining variables covered up during 
analysis. 

Statistical treatment.—A graph of threshold 
as a function of relative volume or pulse 
volume indicated the linearity and distribu- 
tion of the data to warrant application of a 
product-moment analysis for correlations. 
Such did not hold for GSR, and in this in- 
stance a chi square test was used for deter- 
mining concordance between falls in tactile 
threshold and incidence of GSRs. When 
spontaneous GSR activity was low, an 
elicited GSR was almost always followed by a 
significant fall in tactile threshold. The 
association of these events, each appearing 
conspicuously against a stable background, 
was clearly apparent, but the lag varied from 
1 to 10 sec. As discussed elsewhere, distrac- 
tion of S by the arousing stimulus could 
easily cause a lag of this order before the 
lowered threshold became manifest. Conse- 
quently, if a GSR was followed within 10 sec. 
after onset by a fall in tactile threshold, the 
case was counted as a simultaneous occur- 
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rence. If the tactile fall preceded the GSR, 
the events were not considered simultaneous 
since inspection of the temporally isolated 
cases showed the GSR to precede the tactile 
change. The time not taken up by GSRs 
and/or fall in tactile threshold was divided 
into 10-sec. intervals to complete the 2 X 2 
table. A similar technique was used for 
determining the chi square relationship 
between decrease in pulse volume and fall in 


threshold. 
RESULTS 


GSR.—The correlation of tactile 
sensitivity with GSR depended in 
part upon state of alertness. An S 
who showed a GSR record which was, 
in fact, a continuous series of waves, 
showed little relationship between 
larger responses and tactile sensitivity. 
On the other hand, in Ss in a relaxed 
state with little activity, a sudden 
onset of GSR activity was ordinarily 
associated with a significant fall (as 
much as 4 db.) in threshold to tactile 
stimulation. Note that the first 
large GSR of Fig. 1 is associated with 
a conspicuous fall in threshold while 
the group of GSRs above the central 
arrow is associated more with a 
constant low threshold than with rises 
and falls. 

On the whole, the 24 Ss of this 
series showed a low correlation as 
compared with the 8 of the previous 
study who were tested under condi- 
tions designed for evoking large GSRs 
against a background of low level 
GSR activity. A chi square analysis 
of the pooled data for the entire 
earlier group showed an association 
(@ = .71;P < .01) between GSR and 
fall in threshold. In the present 
series, the pooled data on 24 Ss showed 
only a .43 (phi) association (V=703; 
P < .01). For the 12 Ss who had 
both plethysmograms and GSRs re- 
corded, the GSR-tactile association 
was .41 (N = 346; P < .01). When 
the data for the 24 Ss were analyzed 
with the exclusion of all periods of 
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30 sec. or longer showing a GSR 
frequency greater than 4 per min., @ 
rose to .52 (N = 442; P < .01). 

One factor tending to obscure 
the tactile-autonomic relationship was 
variation in attention. The inter- 
vention of this factor was demon- 
strated by a simple experiment. A 
series of stimuli was given at a con- 
stant level of intensity, slightly supra- 
threshold, until S ceased responding 
for approximately five signals. At 
this point one stimulus was delivered 
at a somewhat higher level (e.g., 
by 1 db.) and the next stimulus given 
at a level slightly lower than the pre- 
vious series. Invariably this maneu- 
ver resulted in a recovery of S's 
response even though no signs of 
arousal either in the plethysmogram 
or in skin resistance were noted. The 
Ss reported that their attention 
wandered but that feeling a vibration 
would frequently bring them back to 
their task. The return of attention 
to the tactile task after temporary 
diversion is in fact considered a 
probable source of many of the falls 
in threshold which occurred with- 
out accompanying autonomic activ- 
ity. On the other hand, autonomic 
activity was frequently not accom- 
panied by a fall in threshold, a 
situation to be expected if S’s atten- 
tion had drifted from the task at this 
time. The attention factor also 
worked against a correlation in many 
cases when S was startled in an effort 
to induce autonomic activity. In 
some’ Ss this startle, although asso- 
ciated with a high autonomic response, 
was followed consistently by a rise 
in threshold and a little later on by a 
drop to lower than the previous level. 

Vascular responses.—Finger ple- 
theysmograms were obtained from 12 
of the above Ss simultaneously with 
the GSR and tactile threshold deter- 
mination (Table 1 and Fig. 2). A 
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recording of an exceptionally good 
relationship is seen in Fig. 3. This 
record illustrates a case in which a 
threshold change is associated with 
vasomotive activity but not GSR 
(see section of record above arrow); 
in other sections of the same record 
both GSRs and vasoconstriction occur 
in the same time period and are 
associated with a fall in threshold. 
The product-moment correlation 
between pulse volume and _ tactile 
threshold was greater than .56 


TABLE 1 


PropuCT-MOMENT CORRELATIONS BETWEEN 
THRESHOLD AND PLETHYSMOGRAM 
DaTA FOR EAcH oF 12 Ss 


Lina wa Threshold 
vs. 

s | N | Pulse , Volume 

, P< ,r | Ps 
1" | 20 | .50| .05 68| .01 
2 20 44 | .05 46 | .05 
3 20 60} 01 | .59| .01 
4 20 35 —,.13 
5¢ | 20 ‘48 | .05 32 
6 | 16 63 | 01 32 | 
7 18 67 | .01 22 | 
Si 2. i =~36} —.19 | 
9 | 20 | .62| .01 57| .01 
10 19 | —.21 | —.18 | 
i1 | 18 | .56| 01 .72| .01 
12 | 20 31 —.45| .05 


* Sophisticated S. 


(P < .01) in 5 out of the 12 cases, and 
an additional 3 Ss show r > .44 
(P =.05). For relative volume and tac- 
tile threshold, 4 of the 12 showed a 
correlation greater than .57 (P S .01). 
The chi square comparison for tactile 
threshold and pulse volume changes 
for the pooled data of all 12 Ss (10- 
sec. samples) showed @¢=.51 (P <.01). 

Mechanical effects of vasomotion.— 
Since finger volume changes alter the 
stretch on the skin, a study of the 
mechanical effect of such stretching 
was undertaken. Stretching accom- 
plished by applying masking tape to 
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Fic. 2. Relationship between change in 


tactile threshold and change in finger volume 
for a single S. (Units are arbitrary. Solid 
circles indicate simultaneous GSR occurred.) 


the skin increased the threshold by 
2to4db. Engorgement of the finger 
by inflation of an arm cuff to 60 mm. 
Hg produced a volume change of the 
order of that occurring during natural 
vasomotive activity and coincidently 
elevated threshold by about 1 db. 
Both effects were reproducible and 
readily reversible. 

Anatomical correlations.—The work 
of Loewenstein (1956b) on frog skin 
and on the Pacinian corpuscle of the 
cat (Loewenstein & Altamirano-Or- 
rego, 1956) pointed to a possible mech- 
anism for tactile threshold changes 
involving sensitization of peripheral 
receptors by activity of sympathetic 
efferents. On the assumption that 
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Fic. 3. Recording of GSR, plethysmogram 
and tactile threshold for a single S. (Time 
line, t, 10 sec. Calibration lines at end of 
record: volume change, 10 mm.*; threshold 
change, 1 db. The three large signals on the 
stimulus trace—bottom— indicate S sniffed.) 
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4a. Graph for one S. 
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4b. Graph for 6 Ss showing two 
populations of sites. 

Fic. 4. Relation between tactile sensi- 
tivity and relative GSR amplitude for various 
sites scattered over palm. (In Figure 4a, open 
circles from points along lateral divisions of 
median nerve; solid circles from along medial 
division of median nerve. Point in paren- 
theses lay between the two branches and could 
not be definitely assigned to either division.) 


the GSR might be in part a by- 
product of such a process, a topological 
comparison of relative GSR activity 
and tactile sensitivity was made. 
From 8 to 12 sites, each } in. in diam- 
eter and scattered over the palmar 
surface of the hand and wrist, were 
delineated by 1-in. masking tape 
squares having a }-in. hole punched 
in them. Since the variation of 
GSR activity with arousal (Burch & 
Greiner, 1958) makes sequential com- 
parisons unreliable, the method of 
2-site simultaneous recording was used 
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as described elsewhere (Edelberg et al., 
1960). The relative activity of each 
site was obtained by comparing it 
separately with the simultaneously 
observed reference site and expressing 
the results as ratios. The same 
approach was used for tactile sensi- 
tivity determinations, one site being 
maintained as a fixed tactile reference, 
while a second tactile stimulator 
was used to test the sites to be com- 
pared. Since simultaneous tactile 
testing of both sites could not be 
accomplished, three sets of deter- 
minations on the reference site and 
on the variable site were made alter- 
nately over a relatively short, quiet 
period (approximately 2 min.) and 
the results averaged. After comple- 
tion of the tactile series a drop of 
electrode paste (K-Y jelly) was placed 
on each site in turn, an electrode 
applied, and three GSRs evoked by 
having S sniff or take a deep breath. 
The reference site was prestabilized 
and the exposure time of the experi- 
mental sites to the K-Y jelly held 
constant. 

Results of topological survey.—Plots 
of the relationship between tactile 
sensitivity and relative GSR intensity 
for each site showed the sites falling 
into two populations depending on 
proximity to either the ulnar or 
median nerve and even on proximity 
to either the lateral or medial division 
of the median nerve. The results of 
one such experiment are shown in 
Fig. 4a and the results for all 6 Ss in 
Fig. 4b. The values for each S, 
independent of site location, have 
been divided by a constant (1 the 
value of S’s highest sensitivity) in 
order to facilitate comparison on a 
single graph. Despite a wide scatter, 
the occurrence of two populations 
of sites, one of high tactile sensitivity, 
the other low, and the relationship 
of the relative GSR activity of an 








GSR, VASOCONSTRICTION, AND TACTILE SENSITIVITY 


area to its relative tactile sensitivity 
is clearly demonstrated. The demon- 
stration of areas of high and low 
sensitivity associated with different 
nerves is in agreement with the recent 
report of Uttal (1960) on electrical 
stimuli. 


DISCUSSION 


Experimental evidence can be cited 
in support of three possible reasons for 
the short term relationship between 
tactile sensitivity and autonomic ac- 
tivity : (a) peripheral sensitization due to 
a mechanical effect; (6) peripheral sensi- 
tization due to sympathetic impulses; 


(c) central arousal associated concur- 


rently with autonomic activity and 
increased perceptivity. 
Mechanical effect—With respect to 


the first possibility, it has been demon- 
strated here that measures tending to 
increase the stretch on the skin will also 
raise the threshold. This observation 
seems at first glance inconsistent with 
that of Loewenstein (1956a) who showed 
that static stretching of frog skin actu- 
ally causes fast adapting touch recep- 
tors to discharge continuously. How- 
ever, he goes on to say that in some 
stretched preparations there is ‘‘a clear 
reduction in the number of discharged 
impulses in response to the (constant 
level) adequate mechanical stimulus as 
compared with that discharged at low 
skin tension”’ (p. 598), a situation similar 
to the present investigation. The thresh- 
old changes accompanying vasoconstric- 
tion could, then, be the consequence of 
a reduction in the stretch of the skin. 
However, a fall in threshold was fre- 
quently observed without a change in 
volume. In addition, some Ss with little 
vasomotive activity exhibited active 
threshold variations associated with GSR 
activity. Lastly, there was a consider- 
able variability in the phase relation 
between the onset of pulse or volume 
change and the fall in threshold. These 
considerations would indicate that even 
if the mechanical effect is operating, 
there must be an additional independent 
mechanism for lowering threshold. 
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Sympathetic effect—The spatial as 
well as temporal association of high 
GSR activity with high tactile sensitivity 
suggests the possibility that the GSR 
is in part a by-product of the arrival of 
sympathetic impulses whose function is 
to elevate the sensitivity of tactile recep- 
tors located in the epidermis. Arthur 
and Shelley (1959) have shown that free 
nerve endings enter the epidermis and 
have concluded that these have a sensory 
function. Release of a chemical mediator 
around such nerve endings could inci- 
dentally influence the permeability of 
surrounding cells and hence alter elec- 
trical resistance. This would be con- 
sistent with Wilcott’s (1959) conclusions 
that the epidermis as well as the sweat 
gland constitutes an active site in the 
GSR. While 


be raised 


several arguments may 
against this hypothesis, in 
particular the variation in phase rela- 
tionship and the numerous instances of 
independent occurrences, it may be 
defended if other mechanisms for altera- 
tion of tactile sensitivity are allotted a 
dominant role. 

Central processes —There remains the 
possibility that there is mo peripheral 
component to the sensitization process, 
that autonomic activity and threshold 
change are unrelated except insofar as 
they are reflections of the same central 
arousal process. Silverman, Cohen, and 
Shmavonian (1959) have favored this 
viewpoint in their interpretation of the 
reduction of threshold to electric shock 
associated with GSR activity. Numer- 
ous references to the increase in auto- 
nomic activity associated with central 
arousal mignt be cited (e.g., Darrow, 
Jost, Solomon, & Mergener, 1942; Jung, 
1954). A type of control at 
centers not necessarily 


higher 
involving in- 
creased general arousal would be altera- 
tions in attention, as 
neurophysiologically in the experiment 
of Hernandez-Peon (1956), and as evi- 
denced in the present study. On the 
basis of experiments reported here, it 
seems that a central effect must account 
for much of the demonstrated relation- 
ship but that an additional peripheral 
mechanism has not been ruled out. 


demonstrated 
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will involve the 
testing of Ss with a history of unilateral 
sympathectomy to 


Future experiments 


determine whether 
the sensitizing mechanism hasa peripheral 
component or is entirely central. 

In the present stage of the investiga- 
tion one can safely conclude only this: 
that there is a mechanism by which the 
human, while in a external 
stimulus field, in response to an alerting 
stimulus or to internal activation, can 
reduce his tactile threshold during the 
time of this activation; that this mecha- 
nism is prompt and readily reversible 
upon cessation of the arousal situation; 
that autonomic activity is normally asso- 
ciated with this sensitization in a close 
time relationship. A by-product of the 
investigation is the observation that 
the magnitude of these shifts in tactile 
sensitivity is such that any experiment 
based on the assumption that there is a 
static tactile threshold in a given area 
is invalid unless the state of arousal of 
the organism is maintained 
in some unless 


low-level 


constant 
changes in 
arousal are taken into account. 


way, or 


SUMMARY 


The relationship over short periods of 
time between cutaneous tactile threshold and 
autonomic activity, as reflected in galvanic 
skin response (GSR) or in degree of vaso- 
constriction, was determined by a method 
allowing continuous monitoring of S’s thresh- 
old to 250 cps vibration. Increased auto- 
nomic activity occurring either spontaneously 
or as a result of external stimulation is 
generally accompanied by a fall in tactile 
threshold, the highest correlation occurring 
when finger pulse volume is used as the 
autonomic measure. Experiments to deter- 
mine whether the correlation with vascular 
activity is due to the mechanical effect of 
the stretching or relaxing of the skin on tactile 
threshold showed that this is a_ possible 
explanation but cannot account for all of the 
results. 

A survey of the palmar surface of the hand 
showed a relationship between the relative 
magnitude of the GSR from a given site and 
its tactile sensitivity, and further, that the 
sites comprise separate populations, each 
associated with a different cutaneous nerve. 
It is postulated that the GSR may in part 
be a by-product of the arrival of sympathetic 
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impulses whose function is to sensitize tactile 
receptors. The influence of general arousal 
and of focus of attention on the tactile- 
autonomic relationship has tentatively been 
assigned a dominant position. 
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A CONTRAST EFFECT IN DIFFERENTIAL CONDITIONING! 


GORDON H. BOWER 


Stanford University 


Contrary to the interests of parsi- 
mony in theory construction, an 
increasing number of experiments 
have shown that the reinforcing effect 
of a given amount of reward is not a 
static parameter; rather, the concep- 
tion that emerges from these studies 
is that the reinforcing effect depends 
upon the context in which that reward 
quantity occurs; in particular, it 
depends upon the range of alterna- 
tive rewards S has received in the 
experimental situation. 

The most direct evidence for this 
context effect comes from studies of 
visual discrimination learning. Meyer 
(1951) and Schrier and Harlow (1956), 
working with monkeys, and Lawson 
(1957), working with rats, found that 
rate of error elimination in a series of 
visual discrimination problems was 
not significantly related to the amount 
of reward when S received the same 
amount (large or small) on every 
problem. By comparison, if S re- 
ceived different amounts of reward 
for performing correctly on different 
problems of the learning series, learn- 
ing rate on a given problem varied 
directly with the amount of reward 
for that problem. 

These prior studies investigated 
the context effect in selective learning 
situations in which the performance 
measure (percentage of correct re- 
sponses) presumably reflects the reso- 
lution among several competing reac- 


1 The assistance of Charles Hoye in the 
collection of the data is gratefully acknowl- 
edged. This research was supported in part 
by Research Grant M-3849 from the National 
Institute of Mental Health of the National 
Institutes of Health, United States Public 
Health Service. 
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tion tendencies. The purpose of the 
present experiment was to study the 
context effect in an instrumental 
learning situation where the presumed 
relationship between the performance 
measure (i.e., response speed) and net 
incentive value is relatively simple. 
The design of this experiment in- 
volved one experimental and two 
control groups. The experimental 
(Contrast) Ss were trained concur- 
rently in two distinct straight run- 
ways, with a large reward in one run- 
way (S*) and a small reward in a 
different runway (S~). One control 
group received a large reward on 
every trial and a second control group 
received a small reward on every trial. 
Asymptotic performance of the Con- 
trast group in St was compared with 
that of the large reward control group ; 
performance in S~ was compared with 
that of the small reward control 
group. <A contrast effect would be 
indicated by significant differences in 
either or both of these comparisons. 


METHOD 


Subjects.—The Ss were 30 male albino rats, 
approximately 120 days old. They were 
housed in individual living cages. Taming 
and adjustment to a 12 gm. feeding diet was 
carried on for two weeks prior to runway 
training. The 30 Ss were randomly assigned 
to three groups of 10. 

A pparatus.—The training apparatus was a 
double runway similar to that described by 
Logan, Beier, and Ellis (1955). Two en- 
closed 5-ft. runways were constructed side 
by side, the left one painted black and the 
right one painted white. A single gray start- 
box adjoined the front end of the apparatus; 
by closing guillotine doors the entrance to 
either runway could be blocked. One Stand- 
ard Electric clock timed the interval from the 
opening of the startdoor to S’s breaking a 
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Fic. 1. Group average running speed plotted in blocks of two days. (The dashed curves 


represent performance of the Constant reward control groups; the solid curves represent 
performance of the Contrast group in S* and in S~.) 


photobeam 6 in. out in either alley (start- 
time); a second clock recorded the interval 
from the first photobeam to a second photo- 
beam located 2 in. from the end of the run- 
ways (giving running time). The goalboxes, 
comprising the last 12 in. of the runways, 
were equipped with guillotine doors which 
were lowered after S interrupted the goalbox 
photobeam. Food pellets were placed in pill 
caps secured to the floor at the end of each 
goalbox. Between trials, Ss were detained in 
a 12 X16 X5 in. unpainted wooden box 
where water was always available. 
Procedure.—The Contrast Ss_ received 
half of their four daily trials in one runway 
(St) with an eight pellet reward (each pellet 
weighing 45 mgm.) and the remaining daily 
trials in the other runway (S~) with a one 
pellet reward. For half the Ss, St was the left- 
black alley; for the other Ss, S* was the right- 
white alley. The six possible orders of two S* 
and two S~ trials occurred equally often; the 
daily order for half the Ss was randomly 
selected (e.g., + +) and the remaining 
Ss had the reverse sequence (— + + —). 
One control group, Constant 8, received four 
daily trials each rewarded with eight pellets; 
the Constant 1 control group received four 
daily trials with a one pellet reward. Half of 


each control group was run in the right-white 
runway and half was run in the left-black 
runway, a given S always running in the same 
runway. The Ss were left in the goalbox 15 
sec., although these times were a bit longer 
on the first few trials before Ss ate promptly. 

A total of 32 acquisition days (128 trials) 
were given, half of these to S* for the Contrast 
group. Each S received its four daily trials 
in alternation with a second S; one rested in 
the detention cage with water available while 
the other received one trial; then the first S 
was given another trial, and so on until both 
had had four trials. Therefore, the intertrial 
interval varied around 1 min. Ten minutes 
after the day's trials all Ss were fed 12 gm. 
minus the amount the 
alley. 


of food received in 


RESULTS 


The results are presented graph- 
ically in Fig. 1 which shows group 
average running speeds plotted 
two-day blocks.’ 


in 
The dashed curves 
? Although starting speeds showed the same 


pattern of results as did running speeds (some- 
what amplified, in fact), they are not pre- 
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represent the Constant groups and 
the solid curves represent St and S 
speeds for the Contrast group. The 
curves for the Contrast Ss show the 
gradual development of differential 
behavior to St and S~, the differentia- 
tion being due primarily to the reduc- 
tion in S~ speeds following the peak 
performance on Days 7-10. During 
these peak days, Days 7-10, per- 
formance in S~ was. significantly 
faster than performance of the Con- 
stant 1 control group (¢ = 2.00, 
df = 18, P = .06, two-tailed test); 
over the same block of trials, per- 
formance in S* was significantly below 
that of the Constant 8 control group 
(¢ = 2.84, P = .02). By the end of 
training (Days 27—32) performance in 
S~ had fallen to a level significantly 
below that of the Constant 1 group 
(t = 2.48, P = .03), thus showing an 
ultimate contrast effect in S At 
the termination of training, perform- 
ance in S* had increased to about 
the level of the Constant 8 group 
= 1.19 for the difference over Days 
32); both of these speed averages 
differed from that of the Constant 1 
Ss at well beyond the .01 level. 


( 
27 


DISCUSSION 


These results have shown that the net 
incentive produced by a small reward is 
diminished when that reward occurs 
in a situation where S sometimes receives 
larger rewards. One question raised 
but not answered in this study is whether 
this reduced incentive value is a rela- 
sented since they are probably biased in favor 
of faster starting speeds for the control 
groups. The control Ss always ran in the 
same runway (e.g., left) and undoubtedly 
learned favorable orienting behaviors in the 
startbox; the Contrast Ss, running equally 
often to the right and left runways, could not 
learn such favorable preparatory behavior. 
This differential preparatory factor is quite 
unlikely to have affected the running times 
which were recorded after the response was 
well under way. 


H. 


BOWER 


tively permanent effect; 
after more extended discrimination train- 
ing, performance in S~ might recover to 
the level displayed by the Constant 1 
control group. Observations from two 
other studies have indicated that 
similar downward contrast effect 

pears when the reward in S 
For example, Logan (1960) has 
reported that when trials are sufficiently 
spaced, rats will run down a runway at a 
slow but moderate speed although they 
have never been rewarded in such a sit- 
uation ; in comparison, in a discrimination 
experiment (Bower & Trapold, 1959) 
it that when were 
rewarded when run in S* on half their 
trials, they developed an active avoid- 
ance of the nonrewarded goalbox on S 
trials. Thus, the acceptability of even 
reward” be influenced 
by the alternative rewards the S receives 
in the experimental situation. 


conceivably, 


a 
ap- 
even is 


zero. 


was observed rats 


“no appears to 


These data provide no evidence for an 
“upward” contrast effect (i.e., an S* 
performance superior to that of the large 
reward group); in fact, the data show St 
performance to be slightly below that of 
the Constant 8 group. However, it might 
be argued that the use of a very large 
reward (eight pellets) precluded the ap- 
pearance of the upward contrast effect 
because of the ceiling inherent in the 
speed measure; conceivably, the effect 
might appear at lower reward values and 
this possibility remains to be tested. 

One may note that the pattern of 
contrast effects found here agrees with 
the findings of studies involving shifts 
in reward quantity. Reduction in reward 
quantity frequently leads to a momen- 
tary depression in performance of the 
shifted group to below that of a constant 
small reward group; in comparison, if 
sufficient preshift training been 
given, increases in reward quantity do 
not produce a temporary “elation’’ of 
the shifted group to above the perform- 
ance of a constant large reward group. 


has 


It is suggested that “downward” con- 
trast effects like those reported here may 
be understood in terms of a frustration 
construct such Amsel (1958) has 
proposed. Amsel treated only the case 


as 
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elicited by 
sufficient prior rewards 
have resulted in the development within 
the situation of a stable anticipatory 
goal response (r,). To handle the present 
data, his hypothesis must be extended 
to include within the class of frustrating 
events the occurrence of a reward that is 
smaller than that appropriate to the on- 
going r, amplitude. More direct evi- 
dence bearing on such an extension has 
been reported (Bower & 
Stocks, 1960). 

Applying this analysis to the present 
experiment, the lowered performance in 
S~ is considered to result from a conflict 
between anticipation of reward (r,) and 
the anticipation of frustration in the S 
goalbox. Frustration is expected to be 
elicited in the S 
intermediate 


frustration is 
after 


where 
reward 


non- 


elsewhere 


goalbox during the 


stages of discrimination 


training when the large amplitude r, 
established in S* occurs in S~ through 
stimulus generalization. It may be 


noted that this analysis does not imply 
an upward contrast effect in S* 
thus with that 
data. 


and is 


consistent part of the 


SUMMARY 


This study investigated the effect on run- 
way performance of rats of giving contrasting 
amounts of reward in two concurrent learning 
situations. Rats in the Contrast group re- 
ceived a large reward when run in one alley 
(S*) and a small reward when run in a dif- 
ferent alley (S~), the two types of trials 
occurring in random alternation. Perform- 
ance in S* and S~ was compared with that of 
two control groups, one receiving a large 
reward and one receiving a small reward on 
every trial. Asymptotic performance of the 
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Contrast group in S~ was inferior to that of 
the small reward control group, whereas per- 
formance in S* was slightly but not signifi- 
cantly lower than that of the large reward 
control group. Thus, the effectiveness of a 
small reward is diminished when it occurrs 
in a context where S sometimes receives larger 
rewards. These results were interpreted in 
terms of frustration elicited by the small 
reward when S expects a large reward. 
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T-MAZE REVERSAL FOLLOWING DIFFERENTIAL 
ENDBOX PLACEMENT! 


JAMES R. ISON? anp DAVID BIRCH 


University of Michigan 


Discrimination reversal studies by 
Reid (1953), Pubols (1956), and 
Capaldi and Stevenson (1957) using 
choice apparatus and by Birch, Ison, 
and Sperling (1960) using the method 
of single stimulus presentation have 
demonstrated greater ease of reversal 
for a group given extended training 
on the original problem than for a 
group reversed at criterion. Inter- 
pretations of this finding have empha- 
sized either the learning of facilitating 
choice point discrimination responses 
(Pubols, 1956; Reid, 1953) or the 
differential extinction of the response 
to the formerly positive stimulus 
(Birch, et al., 1960; Capaldi & Steven- 
son, 1957). 

The present experiment is a further 
investigation of the overlearning re- 
versal phenomenon in which the 
learning of possibly facilitating choice- 
point responses during initial training 
was eliminated. To accomplish this 
both criterion and overlearning groups 
were given the appropriate rewarded 
and nonrewarded experiences by direct 
placement into detached black and 
white endboxes. In this initial train- 
ing there was no exposure to the choice 
point of the T maze. The endboxes 
were subsequently attached to the 
arms of a single unit, mid-grey, T 
maze and the two groups were given 
T-maze training. In this training the 
reward contingency of the endboxes 
was reversed, the endbox in which S$ 
received food in placements was now 

! This research was supported by a grant 
from the National Science Foundation 
(NSF-G9779) to the second author. 

?Now a Rackham Postdoctoral 
at the State University of Iowa. 


Fellow 


and the endbox which 
empty in placements was baited. 


empty was 


METHOD 


Subjects—The Ss were 14 male and 14 
female hooded rats, approximately 100 days 
old at the beginning of training. The male 
rats were obtained from Rockland Farms, 
New City, New York, and the female rats 
were obtained from the laboratory colony 
maintained by the Psychology Department of 
the University of Michigan. Three females 
were discarded, one in each group for failure 
to run in the T maze and one in the extended 
training group for failure to eat during the 
placements. 

A pparatus.—A 


used. 


single-unit T maze was 
The stem and both arms were 18 in. 
long, 4 in. wide, 6 in. high and painted mid- 
grey. The first 6 in. of the stem served as a 
startbox and was separated from the rest 
of the stem by a guillotine type retrace door. 
Retrace doors were also present at the en- 
trance to each arm and to the endboxes. 
Baffles placed in the arms prevented reception 
of the endbox stimuli from the choice point. 
The endboxes measured 9 in. long, 6 in. wide, 
and 6 in. high. Four were available, two 
painted black and two white. The maze was 
covered by hardware cloth painted the appro- 
priate color. It was maintained in a stable 
position in a heterogeneous room offering 
many extramaze cues. 

Procedure.—The Ss were placed on a 23-hr. 
deprivation schedule by feeding for 1 hr. each 
day for 14 days prior to the experimental 
treatments. On each of these days Ss were 
handled a minimum of 5 min. They were 
then assigned to either a 200-placement group 
(Group 200) or a 50-placement group (Group 
50). During initial training Ss received 10 
placements each day, 5 rewarded in the white 
endbox and 5 nonrewarded in the black end- 
box with the sequence determined by Geller- 
man orders (1933). A small metal foodcup 
was attached to the side of each endbox. 
The S was placed on the side opposite the 
foodcup with its back towards it. The reward 
was a 0.05-gm. pellet of dog chow. During 
the placements the endboxes were removed 
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Fic. 1. The mean number of errors in 
blocks of two trials over the first three days 
of T-maze training. 


from the T maze and their position in the 
room relation to their 
subsequent position during the T-maze train- 
ing. ‘The intertrial interval was 5 min. 

[he T-maze was given in 10 
noncorrection trials each day to a criterion 
of 19 correct in two successive days. On the 
first trial 2 unbaited white endboxes were in 
place, one on each arm. On all subsequent 
trials a baited black endbox was placed on the 
side opposite the first choice. The intertrial 
interval was approximately 15 min. 


bore no consistent 


training 


RESULTS 


Group 200 reached criterion with a 
mean of 5.92 errors (SD = 2.18) and 
Group 50 with a mean of 8.00 errors 
(SD = 1.88). This difference is sig- 
nificant at the .05 level (¢ = 2.44, 
df=23). Group 200 reached criterion 
in a mean of 1.92 days (SD = 0.95), 
Group 50 in a mean of 2.54 days, 
(SD = 0.93). This difference is not 
significant, (t=1.58, df =23, P<.20). 

Complete data on the errors in each 
precriterion trial are available only 
over the first 3 days of T-maze 
training. (Several Ss reached cri- 
terion at this point.) The mean num- 
bers of errors in sets of two trials 
are presented in Fig. 1. Group 200 
made fewer total errors over the 3 
days. In addition, the within-day 
distribution of errors appeared to be 
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different for the two groups with 
Group 200 making relatively more 
errors in the initial trials and relatively 
fewer errors in the terminal trials of 
each day. 

For statistical analysis over the 
3 days, the 10 trials of each day 
were grouped into the first 5 trials 
and the last 5 trials. This analysis 
is presented in Table 1. In the first 
5 trials Group 50 had a mean of 4.46 
errors, and Group 200 a mean of 4.50 
errors. In the last 5 trials Group 50 
had a mean of 3.46 errors, and Group 
200 a mean of 1.83 errors. Both 
Groups and Trials were significant 
main effects, and the G X T inter- 
action was also significant. 


DISCUSSION 


One explanation of the overlearning- 
reversal effect is that, during the ex- 
tended training, responses are learned 
to the choice point which facilitate the 
subsequent 


discrimination; these re 


sponses might be, e.g., the receptor 
orientations described by Wyckoff (1952). 
In the present experiment neither group 
was presented with the choice point 
stimuli prior to the test problem, but 
the group given the extended endbox 
training learned in fewer trials. The 
differential transfer of facilitating choice 
point responses from the original problem 
into the reversal problem is not an 


TABLE 1 
ANALYSIS OF VARIANCE OF ERRORS MADE IN 
TRIALS 1—5 AND TRIALS 6-10 OVER 
THE First 3 Days OF 
T-MAZE TRAINING 


Source | df | MS | F 
Between Ss (24) 
Groups (G) | 1 | 7.88] 6.09* 
Error (b) | 23 | 1.30 
Within Ss (25) 
Trials (T) 1 | 40.50} 29.52** 
G XT 1 8.67 6.32* 
Error (w) | 23 1.37 
*P = .0S. 
*P = O01. 
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adequate explanation of the 
results. 

A second interpretation of the phe- 
nomenon is that the two groups differ 
extinction of the 
response to the formerly reinforced 
stimulus. The design of the present 
experiment did not permit a direct 
assessment of the change in strength 
of the approach response to the previ- 
ously reinforced goalbox. However, the 
results are consistent with 
interpretation. 


present 


in the resistance to 


such an 


SUMMARY 


This experiment tested one explanation of 
the finding that a group given extended 
training on a discrimination problem learns 
its reverse in fewer trials than a group re- 
versed at criterion. Two groups of rats 
received rewarded placements into a white 
endbox and nonrewarded placements into a 
black endbox, one group receiving 50 place- 
ments and the other group 200. The end- 
boxes were then attached to the arms of a 
grey T maze and Ss received T-maze training. 
In the T maze the white endbox was empty 
and the black endbox contained food. The 
group given the 200 placements learned the 
T maze with fewer errors. Neither group 


had any experience with the choice-point 
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stimuli prior to the test problem and could 
not have learned any differential responses 
to the choice point during the placements 
rhe explanation that extended training groups 
learn responses to the choice-point stimuli 
which subsequently facilitate the learning of 
the reversal problem is inadequate to account 
for these results. 


REFERENCES 


Biren, D., Ison, J. R., 
Reversal learning 
presentation. J. 
36-40. 

Capa.pi, E. J., & STEVENSON, H. W. Re- 
sponse reversal following different amounts 
of training. J. comp. physiol. Psychol., 
1957, 50, 195-198. 

GELLERMAN, L. W. Chance orders of alter- 
nating stimuli in visual discrimination ex- 
periments. J. genet. Psychol., 1933, 42, 
207-208. 

Puspo ts, B. H. The facilitation of visual and 
spatial discrimination by overlearning. J. 
comp. physiol. Psychol., 1956, 49, 243-248. 

Rem, L. S. The development of noncon- 
tinuity behavior through continuity learn- 
ing. J. exp. Psychol., 1953, 46, 107-112. 

Wyckorr, L. B. The role of the observing 
response in discrimination learning. Psy- 


chol. Rev., 1952, 59, 431-442. 


& SPERLING, S. E. 
under single stimulus 
exp. Psychol., 1960, 60, 


(Received June 29, 1960) 








Journal of Experimental Psychology 
1961, Vol. 62, No. 2, 203-205 


EFFECTS OF VARIABLE MAGNITUDE OF REWARD 
ON A LEVER-PULLING RESPONSE! 


DONALD J. LEWIS 


Louisiana State University 


“Variable magnitude of reward” 
refers to the operation of changing 
reward between at least two different 
magnitudes for each S. One reward 
is given on each trial, but the magni- 
tude varies irregularly from trial to 


trial. Using this procedure with rats, 
Logan, Beier, and Kincaid (1956) 
found that variable magnitude of 


reward increased resistance to extinc- 


tion. Wike, Kintsch, and Gutekunst 
(1959) have since confirmed this 
result. 


The purpose of the present experi- 
ment was to study the effect of vari- 
able magnitude of reward on human 
Ss, using a lever-pulling response. 


METHOD 


Apparatus.—The apparatus used in this 
experiment has been described in detail in 
previous reports (Lewis & Duncan, 1957, 
1958). Basically, it is a modified electrical 
slot machine. The S puts a chromium plated 
disc into a slot, pushes some buttons, and 
pulls a lever. If the trial is a rewarded one, 
S receives another through a _ payoff 
slot; otherwise no payoff is given. The S 
is given a large number of discs and is told 
that he can play as long as he wishes. He is 
also told that, at the end of play, he will re- 
ceive money for each disc that he has won 
through the payoff trough. He will receive 
either 1 or 50 cents depending on the condition 
to which 5S is assigned, and he is informed of 
the exact amount on each winning trial. 

Design and procedure.—All Ss were given 
nine acquisition trials; these were the trials 
over which rewards were distributed. Fol- 
lowing acquisition, the extinction trials began 
and no further rewards were ever given. 
Eight different groups were run in this experi- 
ment. Table 1 summarizes the experimental 


disc 


1 This study was supported by a grant from 
the National Science Foundation. 
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Northwestern University 


conditions. The table also shows which trials 
were rewarded for the various groups and on 
what trial the reward was given. It can be 
seen that Group 8 was a 0% reward group; 
with no money given on any trial, the distinc- 
tion between acquisition and extinction is 
purely arbitrary. 

Instructions.—The instructions for this ex- 
periment were very much like those used 
for other experiments in this series. The Ss 
were told how to operate the machine and at 
the conclusion of each winning play they were 
told what the disc was worth, either 1¢ or 50¢. 
On a nonwinning trial no disc at all was pre- 
sented to S. They were to keep the discs 


TABLE 1 


DESIGN OF THE EXPERIMENT 


Grout 
Trials | _ 
1 2 3 4 5 6 7 8 
1 1¢ | 50¢) 1¢ | 50¢) O¢| O¢ 1¢| O¢ 
> | 2a 1 | 50 0 0 1 0 
3 1} 1/ 1/50) 0 0; 110 
4 1}50|50|50| 1/50} 110 
5 1 | 50 1/50) 0 0} 1 0 
6 1 | 50 1 50 | 0 0 1 0 
7 1; 1 1 50 | O 0; 1 0 
s 1 1/1/50)| 0 0} 1 0 
9 50 | 50 | 50 | 50} 1|50} 1 0 
| 
they won separate from those they were 


playing with and to turn in the former at the 
close of the experiment for the appropriate 
amount of money. The Ss were also told 
that they could play as long as they liked 
and that when they decided to quit they 
should exchange the discs they had won for 
money. After S had decided to quit, he was 
paid off with coins, given a plausible, but 
false, explanation of the machine, and told 
not to tell any other person how the machine 
operated or how much he had won. 

Subjects.—The Ss were 480 students from 
North- 
Sixty Ss were assigned 
in sequence as they appeared in the laboratory 
to each of the eight groups. 


introductory psychology classes at 
western University. 
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RESULTS AND DISCUSSION 


The total number of plays to quit- 
ting (extinction) composed the basic 
data of this study. A common 
logarithm transformation was made 
for each of these and all 
analyses were performed on_ these 
transformed scores. 

Three different patterns of reward 
variability were used in this experi- 
ment. These were given to Groups 
1, 2, and 3 as described in Table 1. 
To determine whether variability of 
reward magnitude resulted in in- 
creased resistance to extinction the 
data of Groups 1, 2, and 3 were com- 
bined (all had 100% reinforcement), 
and the mean of these three was com- 
pared by ¢ test with the combined 
means of Groups 4 and 7, the constant 
100% groups. Each of the variable 
reward 100% groups was also com- 
pared separately with each of the 
constant 100% rewarded 
None of the ¢ tests 
significance. 

An analysis of variance was per- 
formed on the three variable 100% 
reward groups taken together. The 
resulting F was 2.96 with 1 and 77 df. 
This falls considerably short of the 
value required at the 5% level of 
significance. 


scores 


groups. 
approached 


The conclusion to be drawn from these 


TABLE 2 


MEAN ANTILOGS oF LoG PLAYs To ExTINC- 
TION AND OF LoG SD IN THE 
E1cut Groups 


Antilog of 


Group Mean Log Antilog of Log SD 
1 21.23 3.48 
2 23.77 3.18 
3 35.98 3.15 
4 23.66 5.08 
5 47.31 2.67 
6 47 31" 2.38 
7 32.14 2.94 
8 52.97 2.01 


* Identical values. 
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analyses is that variable reward does 
not increase resistance to extinction in 
this situation. Further, the three pat- 
terns of reward variability manipulated 
here make no statistically significant 
difference. It had been expected that 
Group 1, for which the first eight acquisi- 
tion trials were rewarded by 1¢ and the 
final acquisition trial rewarded by 50¢ 
would be to extinction. 
The final, large reward should have made 
the onset of extinction easier to dis- 
criminate. Table 2 this ap- 
parently to be the case, although the 
level of significance is inadequate. It 
was also predicted that Group 3 would 
exhibit greater resistance to extinction 
than Group 2. This was because there 
was a greater number of 50¢ winning 
trials in Group 2 and the 50¢ trials would 
stand out more clearly from extinction. 
Again the predicted trend did occur but 
the F of 2.96 (P > .05) indicates that 
the interpretation of these differences 
must be extremely guarded. 


least resistant 


shows 


Another question that can be asked 
of these data has to do with the effect 
of variability of reinforcement with 
percentage of reinforcement below 100% 
held constant. Group 5, for example, 
has reward variability ranging from O¢ 
to 1¢ within a 22% schedule, and Group 
6 has reward variability ranging from 
O¢ to 50¢, also within a 22% schedule. 
The means of these two groups did not 
differ. Within 100% reinforcement, 
Groups 4 and 7 also afford a test of the 
effect of constant magnitude of reward 
on extinction in that for Group 4 the 
reward is 50¢ on all trials and for Group 
7 the reward is 1¢ on all trials. The 
t tests for the comparison of these two 
groups yielded a value of 1.20, 
short of significance. 


also 


All comparisons of the partially rein- 
forced groups with the continuously 
reinforced groups showed that the par- 
tially reinforced groups were more re- 
sistant to extinction, supporting evi- 
dence from the previous studies in this 
series Duncan, 1956, 1957, 
1958). That the effect of partial rein- 
forcement is clearly present lends in- 
direct the that 


(Lewis & 


weight to conclusion 








VARIABLE MAGNITUDE OF REWARD 


varying magnitude is not an effective 
variable in this situation. 

In conclusion it may be remarked 
that, although this study provides no 
evidence that variability of reward in- 
creases resistance to extinction, there is 
consistent but nonsignificant evidence 
that the pattern of reward variability 
may affect resistance to extinction in that 
the pattern giving the greatest stimulus 
change from acquisition to extinction 
resulted in the fewest plays to extinction. 
It is surprising that the manipulated 
variables had so little effect. The Es 
were somewhat sceptical of the lack of 
significance and continued to 
until they were convinced. 


run Ss 


SUMMARY 


Fifty Ss were assigned to each of eight 
groups, and given a _ nine-trial acquisition 
series on a modified “slot machine.” 
groups received 100° reinforcement with 
50¢ or 1¢ on each trial. Other groups received 
50¢ and 1¢ irregularly on 
trials 


Some 


the acquisition 
conditions of “‘variable magnitude of 
reward.”” Other groups received partial rein- 
forcement. At the end of acquisition, re- 
wards ceased, but Ss were allowed to play 


as long as they liked. The basic response 
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measure was the number of responses to 
quitting (extinction). Partial reinforcement 
had its usual effect in retarding extinction, 
but there was no evidence that variability of 
reward affected extinction in any way. 
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SUPPLEMENTARY 


REPORT: INTERPOLATED UCS TRIALS IN 


GSR CONDITIONING 


R. A. 


University 


Dufort and Kimble (1958) have reported 
that UCS-alone trials led to the same per- 
formance increment as CS-UCS trials when 
no ready signal was given before each trial, 
but others (Goodrich, Ross, & Wagner, 1959; 
McAllister & McAllister, 1960) were unable 
to obtain this effect and found that inter- 
polated UCS trials rather led to a decrement 
in performance. The following experiment 
was designed to determine if the effect would 
occur in the conditioning of the GSR. AIl- 
though the nature of the GSR precludes the 
use of a ready signal, which would itself 
elicit a response, the experiment nevertheless 
allowed a clear test of the conflicting findings. 


Method 


Subjects. 
courses in psychology at the University of 
Sydney. They were allocated alternately 
to the two groups of the experiment in the 
order of their appearance at the laboratory. 
[wo Ss were discarded, one from each group, 
because they failed to give any 


The Ss were 30 volunteers from 


responses 
on test trials; this left 7 men and 7 women in 
Group S and 9 men and 5 women in Group TS. 

A pparatus.—The apparatus! was identical 


! Part of the apparatus used in this study was pro 
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Fic. 1. Median GSR as a function of the number 
of trials before each test trial in groups in which Trials 


6-10 were UCS-alone 


(Group S) and CS-UCS (Group 
rs). 


CHAMPION 


of Sydney 


with that described elsewhere (Champion & 
Jones, 1961) except that (a) the CS was a 
2000-cps, 75-db., sine-wave tone of 2000-msec. 
duration presented to S through head- 
phones, and () the onset of the CS occurred 


1000 msec. before the onset of the UCS 
(shock). 
Procedure.—The first 10 trials were the 


same for all Ss and consisted of the following 
sequence of CS-alone trials (T) as tests of 
performance, UCS-alone trial (S), and CS- 
UCS tune (8S): FT, 3, TS, FS, T, TS FT. 
rs, TS, T. For Group S the next 5 trials 
were UCS-alone trials and for Group TS 
they were CS-UCS trials. The last 5 trials 
in the procedure were again the same for 
both groups and made up the sequence TS, 
r, TS, TS, T. Thus tests of performance 
through CS-alone trials were made after 0, 2, 
3, 5, 11, and 13 CS-UCS trials or UCS-alone 
trials without taking into account Trial 2, 
shock After the first two trials 
instructions were given when the 
conditions were changed. 


alone. no 


stimulus 


Results 


The obtained 
shown in Fig. 1 


performance curves are 
Because the distribution of 
scores was not normal the median GSR was 
used as a dependent variable and nonpara- 
metric statistical tests were applied to the 
data rhe UCS-alone trials 
produced a decrement in performance in 
Group S whereas the corresponding CS-UCS 
trials produced an increment in Group TS. 
A U test applied to the scores on Trials 
11-13 (Fig. 1) showed the difference between 
Groups S and TS to be significant (z = 1.95, 
P = .05). The decrement in Group S and the 
increment in Group TS were examined sepa- 
rately by applying rank tests to a comparison 
of the total score on the two test trials before 
and after the interpolated UCS-alone trials 


interpolated 


or the corresponding CS-UCS trials, i.e., 
Trials 3-5 vs. Trials 11-13 in Fig. 1. The 
respective z values were 1.70 (P = .09) and 
1.67 (P = .05 with a one-tailed test). 


It is clear that the interpolated UCS trials 
in Group S did not have the same effect as 
the normal training trials in Group TS under 
the conditions of this experiment and with 
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no ready signals. This finding casts doubt REFERENCES 


on the conclusion of Dufort and Kimble = Cyampron. R. A.. & Jones. J. E. Forw 


ard, backward 
(1958) that the absence of ; . signal and pseudoconditioning of the GSR. J. exp. Psychol 
Q ; he i ss ce ol : re idy igna 1961, 62, 58-61 
is the critical factor in allowing UCS-alone Durort, R. H., & Kimpce, G. A. Ready signals a 
- 4 . the effect of interpolated UCS presentations in eyelid 
trials to produce the same effect as condi- 


_conditioning. J. exp. Psychol., 1958, 56, 1-7. 
tioning. On the other hand the similarity GOODRICH, K. P., Ross, L. E., & WAGNER, A. R 
s ™ Supplementary report: Effect of interpolated UCS 


of the present finding to those of Goodrich trials in eyelid conditioning without a ready signal 
< _ . He . Psychol., 1959, 58, 319-320. 
et al. (1959) and McAllister and McAllister McAsasorec. WR. & McAtuster, D. E. The 
(1960) is striking when the well known dif- influence of the ready signal and unpaired UCS 
: ; presentations on eyelid conditioning J. exp 
ferences between the eyelid response and the Psychol., 1960, 60, 30-35. 


GSR are taken into account (Received April 27, 1960) 
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SUPPLEMENTARY REPORT: FAMILIARITY OR LOW VALIDITY? 


E. JAMES ARCHER! 


University of Wisconsin 


In a recent article Lindley (1960) con- one cannot ignore the fact that there were 
cluded, ‘“‘that familiarity is an important only 15 Ss in the Glaze study and each of 
variable in serial nonsense syllable learning Krueger's Ss responded to only about 200 
Even though the published association values items, i.e., individual differences among Ss 
of the syllables . . . were equal, the familiar were ignored. 
syllables were significantly easier to learn than On the assumption that the recent tables 
the unfamiliar syllables” (p. 369 It is of association value published by Archer 
possible that familiarity ind association value (1960) are more reliable and valid (each of 
are independent characteristics of verbal ma- 216 Ss responded to all 2480 items) the lists 
terials, but it is also possible that Lindley’s which Lindley used were re-evaluated. The 
results and conclusions are a function of the _ lists are reproduced in Table 1 and show the 
invalid and unreliable association values de- Glaze and Krueger values, where appropriate, 
scribed by Glaze (1928) and Krueger (1934). as well as the Archer values 
Even if one ignores the very probable change As may be seen there are considerable 


in association value over a 30-yr. period, discrepancies. Of immediate interest are 
the pairs of mean values for Lists 2G and 3G 





Paper prepared while author was an NSF Senior : Ik 4 Thace i Te 
Postdoctoral Fellow at the Applied Psychology Re- 2% Lists 2K and 3K. These lists were 
search Unit, Cambridge, England thought by Lindley to have equal association 

TABLE 1 


Lists OF TRIGRAMS Usep By LINDLEY AND THEIR ASSOCIATION VALUES(%) 


List 2G List 3G List 2K I 3K 
- ss — — 
Syl As G> | Syl \ G | Syl \ Ke | Syl A | kK 
WID 6s | 80 | RUJ 1s | 93 | WES | 84 o1 | LUV 88 | 96 
FOL | 65 93 WIM 85 87 BUR | 91 |} 92 OIT 66 96 
JAC | 89 87 | BO 59 87 PIC 99 « 6|—lO6 | ROX | 91 95 
KEP | 70 87 DEY | 68 | 87 GOV 95 | 95 | WUN 81 96 
BIR | 81 87 LAQ 58 73 | NAM 73 85 DAC 62 89 
HOM | 91 | 100 VIF | 21 100 | JUI 81 93 YEZ 54 95 
SUG 47 «| #87 | TAZ 32 67 DIF 79 «| «(97 KOS | 54 95 
NEX | 61 | 73 NOK 75 i | YEI 92 99 JEM 90 94 
GAV 77 67 HUP 75 80 TAK 88 99 | FAX | 59 91 
Mean 72 85 | 35 84 | | 87 | 94 | | 72 | 94 
| 


* Association values from Archer (1960). 
» Association values from Glaze (1928) 
Association values from Krueger (1934). 
! Glaze (1928) reports two values for NOK; 87% and 53%. 
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Fic. 1, Lindley’s data replotted as a function of 


Archer's association-value scale. (Each the 


mean of 12 different Ss.) 


point is 


values. Where he thought there was only a 
1% difference between 2G and 3G, the differ- 
ence on the Archer scale is 179%; where he 
thought Lists 2K and 3K to be equal, there 
is a 15% difference on the Archer scale. The 
previously assumed association values for 
Lists 4G and 4K were 7% and 49%, respec- 
tively; whereas, the corresponding Archer 
values are 35% and 22%. 

Figure 1 shows Lindley’s (1960) data re- 
plotted as a function of the Archer association- 
value scale. Each point is the mean of a group 
of 12 Ss (total N = 96). In Replication 1, 
one group learned the list of three-letter words, 


ARCHER 


and each of the other three groups learned 
the “‘Glaze” lists (2G, 3G, or 4G). 
In Replication 2, one group learned the list 
of three-letter words and each of the other 
three groups learned one of the “Krueger” 
lists (2K, 3K, or 4K). 

The increase in performance (mean cor- 
rect 25 trials) as a function of 
association value is much more regular than 
the Lindley paper indicated. There is no 
reason to expect the function to be linear, 
but it is reasonable to expect it to be mono- 
tonic. Such seems to be the case. By con- 
trast, the pairs of points 2K-3K and 2G-3G 
would suggest a double-valued function. 

Lindley may still be right about the effect 
of familiarity but his data do not support the 
hypothesis. 


one ol 


responses in 
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